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ABSTRACT 
This study was conducted to see the effect of Gum Arabic 
(G.A.) on the growth of Escherichia coli, Staphylococci spp. and 
Klebsiella spp. when added to blood agar and RCA media. G.A. was 
added in concentrations of 0.5% and 1% respectively to the tested media. 
These media were compared with control ones without the addition of 
G.A. Better growth was noticed in the media to which G.A. was added 
and it is increased with increasing G.A. percentage. On the other hand 
G.A. was added to a liquid medium (RCM) in concentrations of 0.1%, 
0.5% and 1% respectively. Escherichia.coli and Klebsiella spp. were 
cultured on the prepared media with G.A. and without G.A. as control. In 
a laboratory experiment, metabolites of both bacteria extracted from the 
media and added to kidney tissue cultures. Such cultures were compared 
with kidney tissue cultures to which only G.A. was added with the 
concentrations of 0.25% and 0.5%, and tissue culture cells without any 
addition of the previously mentioned materials. The results demonstrated 
the best growth for cells to which metabolites were supplemented with 
G.A. 
In two separate experiments G.A. dust was used as a feed 
additive for sheep and goats. In the first experiment 28 sheep, 6 months 
of age were divided into four groups of the same age and weight, (seven 
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animals in each group).For the experimental groups G.A. was added to 
the rations as follows: group 1 received 10% G.A., group 2 received 20% 
G.A. and group 3 received 30%, and accordingly the control group 
received no G.A. All rations were fed in a mesh form. In the second 
experiment 36 sheep were divided into four groups of the same age and 
weight, (9 animals in each group).The experimental design was 
performed as: group I received 5% G.A., group 2 received 10% G.A., 
group 3 received 20% G.A. and group 4 received zero G.A., as control 
group. Also 16 goats were divided into 2 groups, the first group received 
a ration to which G.A. was supplemented at a rate of 10% and the second 
group was left as the control group. The ration in the second experiment 
was prepared as pelleted ration. 
In both experiments parameters like body weight, blood urea, 
creatinine, haemoglobin, packed cell volume (PCV), total bacterial 
counts, and the isolation and identification of the isolated bacteria were 
determined. 
After two months from the initiation of the experiment, 3 sheep 
and 4 goats from each experimental group were slaughtered for the 
determination of warm carcass weight, chilled carcass weight and the net 
gross weight. 
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In spite of that the results of the statistical analysis showed that 
differences of body weight gains were not significant, but noticeable 
differences between average weight gains between groups can be noticed 
mainly for the group with 10% G.A. supplementation against the control 
group. The same observation was noticed for haemoglobin, creatinine and 
PCV. With regard to blood urea there is a clear difference in urea values, 
G.A. lowering levels of blood urea for the groups 1, 2 and 3 when 
compared with group 4 which is control. 
The physical form of the ration showed no statistical differences 
between all treatments and all groups, but only slight variations within the 
groups. Only variation was noticed in the feed intake and the body weight 
gain. The corresponding carcasses were analyzed for standard chemical 
analysis parameters for meat. 
An in vitro experiment was conducted in the laboratory in which 
G.A. was added to rumen liquor at conc. of 0%, 5%, 10%, 20% and 30% 
respectively for the determination of liberated gases of fermentation, 
ammonia and volatile fatty acids. The group with 30% G.A. 
supplementation showed highly significant increase of ammonia and 
volatile fatty acids levels when compared with the control group. 
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INTRODUCTION 
Gum Arabic (G.A.) is an ancient natural product used by man since 
the days of pharaohs who used it for making colouring matters. G.A. has 
come to be used in atomic reactors. G.A. is used mainly for making 
confections (1/2%in ice cream to over 50% in Rown tree sweets where it 
prevents sugar crystallization. G. A. is also used a lot for flavour fixing in 
beverages and food. It is also used as abiding agent or emulsifier in 
pharmaceuticals and cosmetics and in medicine. 
Gum Arabic is the dried exudate obtained from the stems and branches of 
Acacia senegal. It consists of high-molecular weight polysaccharides and 
calcium, magnesium, potassium salts, which on hydrolysis yield 
arabinose, galactose, and rhamnose and glucuronic acid (Karamallah, 
1999) .Sudan produces about 80% of the world supply of Gum Arabic. 
Africa has 23.3% of the total world population of sheep and 26.3% of 
goats (FAO, 1996). With in the African society, sheep and goats comprise 
a greater proportion of the total wealth of poor families (Peacock, 
1996).They are the primary source for meat and meat products. These 
flocks are raised under a wide variety of ecological zones and are able to 
survive and produce in harsh environmental conditions that are difficult 
for cattle. 
FAO (2004) estimated the camel, cattle, sheep and goats population as 
3.3, 38.3, 48.0 and 42.0 million head, respectively in Sudan. 
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Sudan has the second largest animal population in Africa. In 1997, the 
contribution of livestock to GDP was estimated as 20%, representing 
42% of the contribution of the agricultural sector (Ministry of Finance 
and National Economy, 1997). Earnings from the export of live animals 
and meat in 1996 were US$ 135.7 million. FadeLalla and Ahmed (1998) 
reported that in 1994–95, Western Sudan has the most live stock (40%), 
followed by southern Sudan (27%) and central Sudan (23%). The 
majorities of breeds are raised within tribal groups and often carry the 
name of the tribe. They are well adapted to the harsh environment and 
often trek long distances in search of food and water.  
Productivity is low but can be improved with good management in more 
favourable conditions. In central Sudan sheep are of the Sudan desert type 
with high live weights and excellent meat and carcass characteristics. 
Goats mostly of the large, black Nubian type are found in the central 
Sudan and kept for milk.  
Justification: 
Now there is a great demand and call for the use of the natural 
products like medicinal plants, products, etc. to substitute therapeutic and 
chemical drugs. With regard to the medicinal plants, it a vast field and 
many research workers are doing their best in this area. With regard to the 
Gum Arabic, there is a growing need for its application mainly in the 
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field of medicine. This last piece of information now started to be the 
scientific base of research in the field of kidney disease. 
Despite it has become a well-established fact that consumption of Gum 
Arabic improves the condition of chronic renal failure (CRF) patients by 
reducing urea excretion via kidneys, the true and real mechanism of doing 
this is still uncertain. The previous studies revealed its effect on 
increasing the numbers of normal gut flora that participate in lowering the 
serum urea through increasing nitrogen excretion in the faeces (Samia, 
2002). 
Also due to the great losses of G.A. dust it was suggested to use this 
material which was considered as a loss, in the feeding of ruminants.  
Depending on these facts the following objectives were suggested in this 
study: 
a- The effect of Gum Arabic as feed additive in small ruminants (sheep 
and goats) effect on feed–in take, body weight gaining, some blood 
parameters and faecal bacterial load. 
b- The effect of Gum Arabic on the growth of some bacteria when some 
solid media supplemented with it. 
c- The role of Gum Arabic per se as well as metabolites of bacteria 
supplemented with different concentrations of Gum Arabic on the 
performance of kidney tissue culture. 
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d- Levels of volatile fatty acids (VFA), ammonia and gas production in 
the rumen liquor, to which different percentage of Gum Arabic were 
added.  
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CHAPTER ONE 
LITERATURE REVIEW 
1. Gum Arabic  
1.1 Definition and source  
Gum Arabic is a natural gummy exudates obtained by tapping the 
stem and the branches of the Acacia senegal trees (Cauis and Radha, 
1939 and Sean-gabb, 1997). There are about five hundred species of 
Acacia distributed over tropical and subtropical areas of Africa, India , 
Australia, Central America and south west North America (Glicksman 
and Sand, 1973).  
Acacia senegal and the related other species of Acacia are widely 
distributed throughout the Sudan with its bulk availability in the area 
called the Sudanese gum belt, mainly in Kordofan and Darfour (Western 
Sudan). Sudan provides more than 70% of the world Gum Arabic 
supplies (Sean Gabb, 1997). 
1.2 Biosynthesis of the gum 
Gum is produced by Acacia trees aged between three and thirty 
years (Blunt, 1962) and especially so if they are in an unhealthy 
condition. Moreover, it is well established that natural factors such as 
poor soil, moisture and hot temperature all of which tend to lessen the 
vitality of vegetation generally improve the gum yield from Acacia trees 
(Mantell, 1954). There is no clear evidence so far to describe the 
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biosynthesis of the gum (gummosis).It is believed that the formation of 
gum exudates is a pathological condition resulting from microbial (fungal 
or bacterial) infection of the injured tree (Blunt, 1962). Gummosis is 
considered by Malcolm 1936 to be a normal metabolic process of the tree 
and the gum is produced in response to physiological disturbances 
induced by drought Differences of opinion also exist on whether the 
exudates is formed on site at the surface of the trunk and branches of the 
tree, or generated internally and transported to site of exudation. The gum 
is believed to act as an efficient natural "sponge" which seals off wounds 
there by forming a protective coating to prevent complete local 
dehydration of the plant tissue (Anderson and Dea 1968, 1971).  
1.3 Grading of Gum Arabic  
Following collection, the gum is graded into six categories 
(Adamson and Bell, 1964) namely, natural, hand-picked selected, cleaned 
and sifted, cleaned, gum siftings, gum dust and red gum. Some of these 
grades have been abandoned and the grades available since 1969 include:  
 "Natural" which consists of the gum as it is picked from the tree i.e. 
containing all the associated impurities e.g. bank, sand, dust; the gum 
is not normally exported in this form because importing countries do 
not have the skilled cheap Labour force for sorting and grading the 
gum. 
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  "Cleaned" the bulk of the gum exported is of this grade. Impurities 
such as bark, twig and other varieties of gum are removed, together 
with smaller fragments and gum dust.  
  "Hand–Picked selected". This grade consists only of the best quality 
species of the gum which have a uniform plate colour, selected by 
hand picking. 
 "Dust" This grade is the waste from other grades, particularly the 
cleaned and sifted grade. Exportation of this grade is not significant.  
1.4 Physical properties of Gum Arabic  
The important physical parameters in determining the use and 
commercial values of gum are solubility, colour, odour, viscosity, taste 
and shape (Howes, 1949). Acacia senegal gums have a considerable 
degree of variation in physical–chemical, function and toxicological 
properties according to different location soil type and age of the tree 
(Anderson and Karamalla, 1966). Hence Acacia senegal gum has various 
colours ranging from colourless to light brown and almost odourless. 
1.4.1 Solubility  
Gum Arabic is soluble in water and form transparent viscous 
solution. The solubility in water increases as the temperature increases 
and solutions containing up to 5% of Gum Arabic can be prepared. Gum 
Arabic is insoluble in oils and in most organic solvents. The solubility of 
Gum Arabic in organic solvents was examined by Taft and Malm (1931). 
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Only hot ethylene glycol and glycerol were effective solvents for low 
viscosity Gum Arabic. Gum Arabic is soluble in aqueous ethanol up to 
about 60% of alcohol. Very slight solubility was found with some acetate 
esters and acetate alcohol mixtures. 
It was shown that, the freeze–dried Gum Arabic dissolves 
immediately to form a 10% solution as compared to a solution time of the 
without freeze–drying. Spray–dried Gum Arabic also is more rapidly 
soluble than powder material (Glicksman and Sand, 1973).  
1.4.2 Viscosity 
Where as most gums form very viscous solution at low 
concentrations (1-5%)  Gum Arabic is unusual in that it is extremely 
soluble and can form over a wide range of concentrations, (Osborne and 
Lee, 1951). It is easy to prepare solutions containing up to 37% of Gum 
Arabic at 25ºc (Taft and Malm, 1931) and this solubility is responsible 
for its excellent stabilizing and emulsifying properties when it is 
incorporated with large amounts of insoluble materials. The properties of 
the gum exudates are affected by the age of the parent tree, the amount of 
rain fall, the fine of exudation and the type of storage condition. Thus 
viscosities of solutions of Gum Arabic of similar grades can vary as much 
as 50% and are differently affected by PH, addition of salts or other 
electrolytes and temperature (Glicksman and sand, 1973).  
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1.5 Chemical properties of Gum Arabic 
Gum Arabic from Acacia senegal (L.) Willd is chemically 
described by Anderson and Stoddart (1966), Street and Anderson (1983) 
and Phillips and Williams (1993) as a complex macro-molecule of a high 
molecular weight. The macromolecules consist of carbohydrate moieties, 
which are covalently attached to protein backbone. The carbohydrate part 
can be considered as a hetro-polysaccharide containing L-rhamnose 
(12.8-14.0), L-arabinose (26-28), D-galactose (40-44) and D-glucuronic 
acid (15.5-16.0) and its 4-methyl (1.5) derivatives which mainly form 
calcium, magnesium and potassium salts.  
1.6 Safety and toxicological aspects of Gum Arabic  
The safety of food additives was acknowledged when the Food and 
Agriculture Organization (FAO) and the World Health Organization 
(WHO) set up a Joint Expert committee on Food Additives (JECFA). The 
principal aim of the committee is to demand, collect and evaluate and 
decide on the safe levels of usage of food additives (Anderson. 1986 b).  
1.7 The joint expert committee of food additives (JECFA) 
specification of Gum Arabic 
Gum Arabic as commercial product may occur as a mixture with 
various materials quite often with other gums that have properties similar 
to those of gum Arabic. Therefore, the JECFA proposed certain 
specification for gum Arabic. JECFA, (1999) specification defines gum 
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Arabic as a dried exudates obtained from the stems and branches of 
Acacia senegal (L.) Willd or Acacia senegal (family Leguminosae). Gum 
Arabic consists mainly of high molecular weight polysaccharides and 
their calcium , magnesium and potassium salts, which on hydrolysis 
yields arabinose, galactose, rhamnose and glucuronic acid. Gum Arabic 
from Acacia senegal is a pale white to orange-brown solid, which breaks 
with a glassy fracture. The best grades are in the form of whole spherical 
tears of varying size with a matt surface texture. When ground, the pieces 
are paler and have a glassy appearance. Gum Arabic is soluble in water 
forming a solution which flows readily and it is acidic and insoluble in 
ethanol. Optimal rotations of Acacia senegal solutions are levorotatory 
and those of Acacia senegal are dextrorotatory. Loss on drying (105°C 
/5h) not more than 15% for granular and not more than 10% (105°C /4h) 
for spray-dried material. The total ash is not more than 4%. The acid in 
soluble matter is not more than 1%. Lead is not more than 2mg/kg. No 
starch and tannin were found. Microbiologically no Escherichia coli or 
Salmonella spp. could be detected. As food additive, Gum Arabic is used 
as emulsifier, stabilizer and thickener.  
1.8 Applications of Gum Arabic  
1.8.1 Food  
The major use of Gum Arabic is in food industry, where it is used 
as a food additive to impart desirable properties through its influence on 
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the viscosity, body and texture of food. In addition it is non-toxic, 
odourless, colourless, tasteless and completely water soluble and does not 
affect the flavour, odour or colour of the food to which it is added.  
1.8.1.1 Confectionary 
Gum Arabic is used extensively in confectionary industry primarily 
because of its ability to prevent crystallization of sugar, also its 
thickening power. It is used as glazer in candy product and as a 
component of chewing gum, cough and candy lozenges.  
1.8.1.2 Bakery products 
Gum Arabic is a glazer and topping. It is also bestows smoothness 
when used as emulsion stabilizer.  
1.8.1.3 Dairy products  
Gum Arabic has been used as a stabilizer in frozen products e.g. 
ice cream.  
1.8.1.4 Flavour emulsifier 
 The best emulsions are prepared with gum Arabic.  
1.8.1.5 Flavour fixative 
With the introduction of spray-dried flavour into food, an extensive 
use was found for gum Arabic as a fixative for flavour. Spray–drying is 
fervidly simple production. When used as a fixative, gum Arabic forms a 
thin film a round the flavour particles, protecting moisture from the air. 
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1.8.1.6 Beverages  
Gum Arabic has been used as a clouding agent in beverage and 
beverage dry mixes produced commercially. 
1.8.2 Pharmaceuticals 
 The pharmaceutical industry uses about 5% of gum Arabic imports. 
The gum is listed in the U.S. pharmacopoeia (1955) as an effective 
suspending agent for in soluble drugs, where it prevents the precipitation 
of heavy metals from solutions through the formation of colloidal 
suspensions (Osborne and Dekay, 1941). It has also been used in 
pharmaceutical syrups that do not contain sugar because of it demulcent 
and soothing Characteristics (U.S pharmacopoeia, 1955).  
1.8.3 Cosmetics 
 Also Gum Arabic has been used in the formulation of lotions, facial 
masks and Protective creams.  
1.8.4 Adhesive 
Forty percent solution of gum in water makes excellent mucilage 
for general office purpose. With 8-10% glycerol it makes plasticized 
brittle film.  
1.8.5 Paints 
1.8.6 Inks  
Gum Arabic was added routinely as suspending agent or 
protective. 
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1.8.7 Textiles 
 Gum Arabic is used here as a sizing and a finishing agent  
1.8.8 Lithography 
 Gum Arabic acts as sensitizer for lithography plates 
1.8.9 Miscellaneous 
1.8.10 Medicine 
1.8.10.1 Effect of Gum Arabic on cholesterol absorption 
Kelly and Tsai (1978) reported that in a series of five experiments 
conducted to determine the effect of pectin, Gum Arabic and agar 95% on 
cholesterol absorption, all three complex carbohydrates decreased 
Cholesterol absorption and pectin had the greatest effect.  
Serum cholesterol Levels were lowered by Gum Arabic (Eastwood et al., 
1983 and Ross 1983) and guar gum (Jenkins et al., 1976). 
Gum Arabic is used as demulcent to smooth irritation, especially of the 
mucous membranes and has been shown to lower the cholesterol levels in 
the blood of the laboratory animals (Gabb, 1997).  
1.8.10.2 Serum glucose levels 
Glucose level and glucose tolerance curve and serum insulin levels 
were significantly lowered in African cleaner than the European. This 
was postulated to higher consumption of unrefined carbohydrates by the 
African (Wapnick et al., 1972). Glucose tolerance is not significantly 
altered after ingestion of 25g of Gum Arabic (Ross et al., 1983). They 
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attributed this to the fact, that Gum Arabic is highly water soluble and has 
a low viscosity and hence is unlikely to modify glucose absorption, while 
other gums, such as guar, have been shown to significantly alter glucose 
tolerance in both normal and diabetics (Jenkins et al., 1976 and Jenkins et 
al., 1978). Guar gum, pectin and gum tragacanth are used clinically to 
treat Diabetes mellitus and obesity (Jenkins et al., 1977; Leeds et al., 
1981; Kortkieuski, 1984). They are not broken down by normal human 
digestive enzymes and form viscous gels in the stomach and small 
intestine which delay the absorption of glucose and other nutrients (Holt 
et al., 1979). Therefore, high carbohydrate and high fibres diets are now 
used widely in the treatment of diabetes (Parillo et al., 1988) 
1.8.10.3 Effect of Gum Arabic on dehydration and recovery from 
diarrhoea 
Teichberg et al. (1999) mentioned that the positive effects of the 
Gum Arabic–supplemented rehydration solution also occurred during 
recovery from chronic osmotic secretary diarrhoea, when free living 
animals drank the solution ad libitum. 
Turvill et al. (2000) concluded that Gum Arabic promotes lumen to 
blood intestinal transport of water and sodium despite cholera toxin 
activation. These observations support a potential role for Gum Arabic 
enhancing the efficacy of oral rehydration solution (ORS). 
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1.8.10.4 Effect of Gum Arabic on body weight  
Melnick et al. (1983) reported that depressions in body weight gain 
greater than 5% were observed for female rats fed diets containing agar, 
guar gum or Gum Arabic. Also they explained that there were no 
histopathological effects associated with the administration of the test 
materials. 
1.8.10.5 Effect of Gum Arabic on urea  
In 1998 Gum Arabic was introduced as supportive therapy for 
chronic renal failure in the Sudan by a group of physicians headed by 
professor Selma Suleiman a consultant medical physician at Khartoum 
Dialysis and kidney transplantation centre. 
The goal behind that Gum Arabic is easily prepared, ingested, 
palatable, and had few side effects compared to other fibres used (Bliss et 
al., 1996). Also, since it is soluble fermentable dietary fibre it will 
increase the number of bacterial mass in the human colon and hence 
utilization of the urea by the action of bacterial urease, and elimination of 
ammonia which is used for the synthesis of non-essential amino acids and 
protein for human subject and microorganism (Vince et al., 1973; 
Assimon and stein, 1994). The degradation of urea and the subsequent 
use of ammonia result in decreasing serum–urea nitrogen and increasing 
faecal nitrogen excretion in chronic renal failure patients taking low 
protein diet (Bliss et al., 1996). Urea represents the end product of 
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nitrogen catabolism in human. Most of the NH4 formed by deamination of 
amino acids is converted to urea in the liver. In sever liver disease the 
blood urea nitrogen (BUN) falls and blood N H3 rises, leading to N H3 
intoxication. The plasma concentration of urea normally is up to 40 mg / 
dl (Robert et al., 1996 a).  
Also metabolites of these microorganisms such as volatile fatty 
acids and polyamines play a major role in regulation of DNA, RNA, 
Protein synthesis as well as enhancing epithelial cell proliferation (Tabor 
and Tabor, 1976; Jacobs and Lupton, 1984; Johnson and Gee, 1986). 
Craetinine is synthesized in the liver from methionine, glycine and 
arginine. In skeletal muscle is phosphorylated to from phosphoryl 
creatinine which is an important energy store for ATP synthesis. 
Creatinine is formed from phosphoryl creatinine and its rate of production 
is relatively constant from day to day. It is slightly high in male and this 
variation is due to increased muscle mass (Ganong, 1999b). The level of 
creatinine is less dependant on diet but is more related to age, sex and 
muscle mass being high in males (Kumar and Clark, 1999). Samia (2002) 
mentioned that, the creatinine level during G.A. consumption and after its 
cessation within the normal range 0.5-0.9 mg/dl. 
Also metabolites of these microorganisms such as volatile fatty 
acids and polyamines play a major role in regulation of DNA, RNA, 
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Protein synthesis as well as enhancing epithelial cell proliferation (Tabor 
and Tabor, 1976; Jacobs and Lupton, 1984). 
1.8.10.6 Effect of Gum Arabic on nitrogen excretion and serum urea  
Bliss et al. (1996) reported that colonic bacteria ferment dietary 
fibre, providing them with energy for growth and nitrogen in- 
corporation, in turn increasing nitrogen excretion in faeces. Also they 
reported that faecal bacterial mass and faecal-nitrogen content were 
significantly increased during supplementation with Gum Arabic 
compared with the baseline Low Protein Diet (LPD) or supplementation 
with pectin. Serum urea nitrogen was significantly decreased during 
supplementation with Gum Arabic compared with the base line Low 
Protein Diet (LPD) or supplementation with pectin. Nitrogen balance did 
not change significantly. 
1.8.10.7 Effect of Gum Arabic on faecal flora  
Wyalt et al. (1986) reported that the principal Gum Arabic 
fermenters were species of Bacteroides and Bifidobacterium. Undegraded 
Gum Arabic was not detected in any faecal sample nor were there 
significant differences in the level of total sugars in acid hydrolyzed 
faeces between Gum Arabic and control periods: The results presented 
indicate a direct and rapid change in faecal flora in response to a specific 
change in the diet of a human volunteer. 
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Gum Arabic feeding increases the bulk of stool, it has been 
reported that bacterial mass was significantly greater during the Gum 
Arabic period of supplementation in animals and human (Alasdair et. al., 
1983, Alasdair et. al., 1984 and Jutta et. al., 1998 and Rasheeda, 2002). 
1.8.10.7.1 Fermentation and large bowl SCFA   
The basic fermentative reaction in the human colon is similar to 
that in obligate herbivores: hydrolysis of polysaccharides to their 
constituent sugars, which are then, fermented resulting in an increased 
biomass (Savage 1986).  
Carbohydrate hydrolysis is affected by a number of bacterial cell-
associated and secreted hydrolases that can digest a range of 
carbohydrates which the human host can not. Fermentation yields 
metabolizable energy for microbial growth and maintenance and also 
metabolic end products. Nitrogen for protein synthesis can come either 
from urea (via the urease reaction), undigested dietary protein, or 
endogenous secretions. In adult humans, the principal products are SCFA, 
together with gases (Co, CH and H) and some heat. 
1.8.10.8 Effect of G.A. on short–chain fatty acids  
May et al. (1994) reported that fermentable fibres support the 
growth of indigenous intestinal bacteria, particularly acidogenic bacteria, 
and yield large amounts of short-chain fatty acid with decrease gut PH. 
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These factors contribute to the prevention of growth and toxin elaboration 
by Clostridium difficile.  
An in vitro system with pigs as faecal inoculums donors was used to 
estimate fibre fermentability and changes of intestinal microbiota. 
Acetate and propionate production (ml mol/mg substrate 
fermented/day) was greatest for Gum Arabic (1013.4 and 704.1 
respectively); butyrate production was greatest for xylo-oligosaccharides 
(345.6). Growth of total anaerobic and clostridia was greater for Gum 
Arabic (21.2 and 16.2X10
8
 counts /ml, respectively) and xylo-
oligosaccharides (21.0 and 19.6X10
8
 respectively; growth of acidogenic 
bacteria was greatest with fructo-oligosaccharide (6.7X10
8
). No 
cultureable counts of Clostridium difficile were obtained, nor was toxin A 
detected (May et al., 1994). 
1.8.10.9 Effect of G.A. on volatile fatty acids (VFAs)  
Mclean et al. (1984) mentioned that G.A. degradation occurs in the 
caecum and is associated with increased methane excretion, increased 
VFA concentrations and changes in the proportion of Various VFA in 
faeces.  
Titgemeyer et al. (1991) mentioned that fermentation of gums 
(Gum Arabic and guar gum) led to more propionate and butyrate 
production than did that of apple pectin. It may be possible to select fibres 
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sources capable of supporting stipulated amounts of both total and 
individual short chain fatty acids (SCFA) production in the human colon. 
1.9 Volatile fatty acids (in ruminants)  
Volatile fatty acids are the primary end products of fermentation in 
the rumen of wide range of substances mainly carbohydrates, (Annison, 
1954, Hobson and Mann, 1961 and Sharp et al., 1982).The major VFAs 
produced in the rumen are acetate, Propionate and butyrate (Bath and 
Rood, 1963; Krehbiel et al., 1992). 
The individual VFAs, are metabolized by rumen epithelium, 
proportion of acetate is oxidized to carbon dioxide (co2). Butyrate is 
oxidized to carbon dioxide and converted mainly to ketones bodies 
(Preston and Leng, 1987). They constitute a major energy source for 
maintenance and Production (Bath and Rook, 1963; Annison and Leng, 
1991). The ATP (Adenosine triphosphate) produced by conversion of 
food to VFA and intermediary compounds used in cell growth are the 
main sources of energy for the growth of microorganisms (Leng, 1982). 
However, the amount of VFAs, appearing in portal blood draining the 
gastro-intestinal tract make a substantial contributions to the animals 
energy supply (Bergman et al., 1965 and Gross et al., 1988) thus the 
quantitative measurement of VFA Production in the rumen are essential 
to the definition of energy metabolism in ruminants (Broun et al., 1960).  
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Total VFAs, give a measure of the efficiency of fermentation of 
feed stuffs (Jelan et al., 1986). The rates of production and absorption of 
VFAs, from the rumen were correlated with VFA concentration in the 
rumen liquor and pool. 76% of VFA produced in the rumen were 
absorbed there, 19% absorbed from omasum and abomasums and 5% 
passed from abomasums to the intestines (Weston and Hogan, 1968) 
About 60% of the digestible energy of feed comes from VFAs, 
Propionate is removed totally from blood by metabolism in the liver and 
contributes extensively to glucose synthesis and possibly produces 80%-
90% of glucose synthesized (Preston and Leng, 1987). VFA production in 
the rumen is controlled by so many factors such as physical and chemical 
nature of the diet, feeding regimes (Bath and Rook, 1963) as well as the 
total amounts of organic matter digested (Weston and Hogan, 1968). 
McDonald (1988) showed that the total concentration of VFA varies from 
0.2 to 1.5 g/100 ml showed that according to the animal’s diet and time 
elapse from the previous meal. Most of the VFAs produced in the rumen 
are apparently absorbed through the rumen wall, so measurement of 
VFAs entering the vascular circulation during a 24-h period would 
provide the most accurate estimate of the metabolic contribution of the 
rumen VFAs (Brown et al., 1960).  
VFAs are absorbed from the rumen in the proportion of their molar 
concentration in rumen liquor which are typically acetic, propionic and 
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butyric acids (Brown et al., 1960 and Nolan et al., 1986) in the ratio 70: 
20: 10 for animals on roughage based diet and 60: 30: 10 for 
concentrates–based diets (Nolan et al., 1986). Acetate and propionate 
appear to be absorbed as such. Acetate enters the blood of sheep at up to 
twice the rate of its Production in the rumen (Preston and Leng, 1987). 
ElShazly et al. (1963), from an in Vitro experiment, determined the molar 
ratio of VFAs produced from fermentation of wheat straw and corn 
fodder to be 67: 20: 13 for acetic, propionic and butyric respectively .  
1.10 Effect of Gum Arabic in Galagos 
Nash (1988) reported that an experimental programme 
investigating the role of gum in the diet of captive Galago senegalensis 
braccatus is reviewed. One set of studies investigated the role of gum 
chemistry in dietary preferences. The animals showed a preference of 
Acacia gum over gums from other plants. If condensed or hydrolyzed 
tannins were added to the Acacia gums, such gums were consumed at a 
lower rate than plain Acacia gum. This effect was stronger with the 
condensed (Quebracho) tannin. The effect of such secondary compounds 
on gum consumption in wild Galagos needs investigation. The second set 
of studies examined digestion of gums, which are complex 
polysaccharides probably requiring fermentation in the gut. Substitution 
of gum for simple carbohydrate sources in the diet lead to increased gut 
transit time. On the gum diet animals maintained weight without an 
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increase intake or a decrease inactivity levels. Apparent dry matter 
digestibility of the two diets was equivalent. Indicators of gut bacterial 
action increased on the gum diet. These observations are strong indirect 
evidence for an increase of fermentation in the gut diet. 
1.11 Rumen microenvironment 
The microbial population of the rumen is regulated by the 
particular ecological balance that tends to prevail there. Microorganisms 
can live in most segments of the gut, however certain constrains confine 
the digestion of complex carbohydrates to larger compartment and 
relatively neutral PH (Van Soest,1993).The microbial ecosystem in the 
rumen is complex and highly dependant on diet (Preston and Leng, 
1987).  
In the rumen the main agents that break down carbohydrates are 
anaerobic bacteria, protozoa and fungi. Fungi appear to be the first 
organism to invade plant cell walls, which allows bacterial fermentation 
to start and to continue (Preston and Leng, 1987). The rate and the extent 
of digestion of carbohydrates depends on the relative amounts of the 
various carbohydrate classes (soluble sugars, starch, pectin, 
hemicelluloses, cellulose) present in food and their rates of removal from 
the rumen (Smith and Oldham, 1983).  
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1.12 Microbial requirement 
The microbial requirement for nitrogen may exceed that of the 
Protein equivalent for animal host. It has been explained by Van Soest 
(1993) that adding starch or sugar is detrimental because it increases 
microbial requirements at time when nitrogen supply is limited. Protein in 
excess of the microbial requirements is fermented to ammonia and VFA. 
A number of bacterial species have been shown to possess proteolytic 
activity where proteolysis is facilitated by adsorption of protein on 
bacterial surfaces (Smith and Oldham, 1983). Microbial protein 
synthesized in the rumen is the major source of protein for ruminants 
(Bird, 1991).  
Excess dietary non-protein nitrogen or protein that is fermented to 
ammonia absorbed through the ruminal wall carried to the liver where it 
is converted to urea and excreted in urine. Addition of fermentable 
carbohydrate will increase the microbial requirement and promote 
utilization of excess ammonia (Van Soest, 1993). 
1.13 Ruminal ammonia 
Ammonia is the key intermediate in the microbial degradation and 
synthesis of protein (McDonald et al., 1996). It would probably be more 
realistic to relate ammonia to fermentable organic matter. Requirements 
for ammonia are sometimes expressed in the form of concentration 
needed for maximal growth or activity (Smith and Oldham, 1993).  
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Satter and Roffler,(1975) reported that availability of ammonia is 
an important determinant of microbial protein synthesis and that mean 
ruminal ammonia concentration reaches 5 mg NH3–N/100 ml rumen fluid 
at 13% dietary crude protein. Crawford et al. (1978) found that ruminal 
ammonia concentration increased with the increase of protein level in the 
diet, the optimal level of rumen ammonia is often said to be 10 mg/100ml 
depending on the bacteria capacity for protein synthesis and carbohydrate 
fermentation (Van Sosest, 1993). 
Various NH3 levels have been shown to support maximum bacteria 
growth. These varied form 5 mg N/100 ml ruminal fluid (Roffler and 
Satter, 1973; Satter and Slyter, 1974) to 5-8 mg N/100 ml (Preston and 
Leng, 1987). 
If the concentration of rumen ammonia is low, the growth of rumen 
organism will be slow, in consequence; the breakdown of carbohydrates 
will be retarded. On the other hand if protein degradation proceeds more 
rapidly than synthesis, ammonia will accumulate in rumen liquor and the 
optimum concentration will be exceeded, then ammonia absorbed into the 
blood will be carried to the liver and converted to urea, some of this urea 
may be returned to the rumen via salvia, and also directly through the 
rumen wall, but the greater part is excreted in the urine and thus wasted 
(McDonald et al., 1996). 
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At low ammonia levels in the rumen fluid microbial protein 
required ATP, where as when ammonia levels were above a certain 
optimum, the ammonia was incorporated into amino acids with out using 
ATP (Preston and Leng 1987). When concentration of ammonia in 
creased, there were likely to be enhanced amount of amino acids and 
peptides available to rumen population (Black burn and Hobson, 1960). 
Nitrogen derived from rumen ammonia formed 31 to 55% of the 
protozoal protein nitrogen and slightly smaller percentage of the total 
protozoal nitrogen where as it formed a bout 50 to 65% of the bacteria 
protein nitrogen. Nitrogen converted into ammonia was equivalent to 60-
62% of the daily nitrogen intake; however increases in the concentration 
of rumen ammonia in sheep given hay diet were accompanied by a 
decrease in the conversion of nitrogen into ammonia when this 
conversion was expressed as a percentage of total nitrogen intake 
(Mathison and Milligan, 1971). 
High rates of ammonia production can occur particularly if large 
amounts of urea or protein, such as casein (very soluble in rumen fluid) 
were eaten rapidly (Smith, 1969). Soluble carbohydrates, on the other 
hand have a depressive effect on the concentration of ammonia in the 
rumen. The low levels of ruminal ammonia from grasses were shown to 
be related to their high content of soluble carbohydrates (El Shazly et al., 
1963). 
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1.14 Urea recycling:  
Much of the absorbed ammonia was shown to be recycled to the 
rumen as salivary urea and for microbial protein synthesis (Annison and 
Leng, 1991). This was found to be especially true for sheep consuming 
Low-quality diets where most of the urea enters the rumen via saliva 
(Houpt, 1970). Nolan and Stachiw (1979) in studies with sheep on straw-
based diets reported that the amount of urea from blood plasma entering 
the rumen ranged from 0-5 to 2-3 gN/day. Moreover, Kennedy and 
Milligan (1980) showed that the rates of urea degradation and transfer in 
Hereford steers given low-N hay with and with out added sucrose were 
11 to 14 gN/day which were increased to 23 gN/day by supplementation 
with sucrose, on the other hand, Weston and Hogan (1967) showed that 
movement of urea from blood to rumen decreased in direct proportion to 
blood urea-N concentration below 18mg/100ml  
1.15 Ruminal –NH3 Vs blood urea-N 
A number of workers (ElShazly, 1958; AbuAkkada and ElShazly, 
1965; Jelan et al., 1986) suggested a method based on the determination 
of changes in the urea concentration of the blood or in ruminal 
ammonia to evaluate the dietary protein in ruminants. Levels of ruminal 
NH3 and blood urea were higher with leguminous roughages than with 
non leguminous and among the legumes, fresh Lubia and Lubia hay 
produced the highest NH3 concentration. Making hay fresh was found 
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to protect protein and reduce its degradation. This was reflected in both 
ruminal NH3 and blood urea levels (AbuAkkada and ElSayed 1967). 
Significant correlation was found to exist between blood urea 
concentration and nitrogen retention (Tagari et al., 1964); blood urea 
was preferred to rumen NH3 because of the easiness of blood sampling, 
in addition to the fact that the extent of the changes in blood urea 
concentration as a result of dietary treatments exceeds generally that of 
the changes in rumen NH3 concentration (Tagari et al., 1964). 
Similarly, Abu Akkada and ELSayed (1967) observed that when 
ruminal NH3 is used to assess nitrogen retention, the error is higher than 
when blood urea is used for the same purpose, however, blood urea 
concentration appeared to be a poor quantitative parameter to use 
because of the large variation between animals or sampling time.  
A correlation was found to exist between the level of nitrogen 
intake and ruminal NH3 and blood urea (Tagari et al., 1964; Ciszuk, 
1974) and between the level of ruminal NH3 and the losses of urinary 
nitrogen or the nitrogen balance in older sheep (Chalmers and Synge, 
1954, Tagari et al., 1964).  
Moreover, it has been demonstrated in rats and pigs that the level 
of urea in the blood was strongly correlated to the biological value of the 
protein in the feed (Eggum, 1970). 
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1.16 Escherichia coli   
The bacterium E. coli is a normal inhabitant of the gastro intestinal 
tract of human and livestock. It colonizes the new-born’s colon with in 
hours of birth, and serves important intestinal physiological function for 
the rest of the host’s life. How ever, there is a sub-set of strains of E. coli 
which can cause a wide variety of diseases. For example, around one – 
third of mastitis cases in cattle are caused by E. coli. Recently, most 
attention has focused on those strains which produce toxins harmful to 
cultured Vero cells (African green monkey kidney cells). These bacteria 
are known as Vero cytotoxin- producing E. coli or VTEC. E. coli 0157 is 
one such strain which frequently (but not always produces Vero 
cytotoxine .It is though to have acquired the ability to produce these 
toxins by a process of genetic exchange with another bacterium. 
As National Animal Health monitoring system study found E. coli 0157in 
faecal samples form 63%of cattle feed lots examined (O’Brien, 2001). 
1.16.1 Escherichia coli 0157 in sheep faeces  
 Ogden et al. (2005) reported that flock level prevalence was found 
to be 40% (six from 15) and 6.5% of faecal sample tested were found to 
positive .Two farms gave sample defined as high shedding (>10
4
 CFU/g) 
one of which comprised 91% positive sample with 13/33 at the height 
shedding level. They conclude that data confirmed that sheep are an 
important reservoir of E. coli 0157 and it has a significant role in the 
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maintenance and dispersal of E. coli 0157 in the farming environment and 
are an important source of human infection. 
Kishmoto et al. (2006) reported that when they used enrichment 
culture of pig caecal bacterial from the selected high molecular weight 
specific Gum Arabic of (MW 1.77X10
6
) they found Provotella 
ruminicola–like bacterium that is most likely to be responsible for 
fermentation of the Gum Arabic used to propionate. 
1.17 Polyamines 
The polyamines are ubiquitous, low-molecular mass cationic 
molecules that are essential in cellular proliferation and differentiation 
(Benamouzing et al., 1997). The naturally occurring polyamines 
spermidine and spermine and their metabolic precursor putrescine are 
synthesized by both eukaryotic and prokaryotic cell (Willker et al., 
1998).The physiologic importance of polyamines arises from their 
implied participation in variety of cellular processes  such as the 
regulation of the synthesis of DNA , RNA and protein as well as cell 
growth and differentiation (Tabor et al., 1961; Tabor and Tabor 1972; 
Tabor and Tabor, 1976; Peggetal, 1978; Pegg and Mccann, 1982; Tobar 
and Tobar, 1984; Kumagai and  Johson 1988, Seiler and Degeure, 1999;  
McCormack  and Johson , 1991; Bardocz et al., 1995; Benamouzing et 
al., 1997 and Willker et al., 1998). 
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1.17.1 Biosynthesis of polyamines 
The biosynthesis of putrescine and spermine was first established 
in microorganisms (Tabor et al., 1958; Morris and Koffron 1969; Tabor 
and Tabor, 1972; Tabor and Tabor, 1984). Latter was found to be very 
similar to that in animal cell (Raina and Janne, 1975). Noack et al. (1998) 
mentioned that bacteria synthesize polyamines by decarboxylation of 
amino acids ornithine, arginine and lysine. Olson (1993) observed that the 
bacterial amino acid decarboxylase is influenced by the phofthe medium. 
Moreover the production of amines is maximal under acidic condition 
(Allison and Macfarlane 1989) and this is influenced by availability of 
carbohydrate and growth rate of bacteria.  
1.17.2 Types of polyamines produced by bacteria prokaryotes  
In general prokaryotes have a higher concentration of putrescine 
than spermidine and lack spermine (Tabor and Tabor, 1976). Tabor et al. 
(1958) observed that polyamines are present in highest concentration in 
Gram-negative bacteria. Much lower concentrations are found in Gram-
positive bacteria and many Gram positive species have little or no 
detectable amounts of these amines. Members of the genus Bacteroides 
are spermidine producers and fusobacteria synthesize mainly putrescine, 
whereas bifidobacteria neither synthesize any polyamine nor do they 
grow in polyamine free medium (Noack et al., 1998) .Also none of the 
above micro organisms synthesize cadavarine under the in vitro growth 
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conditions used. enterobacteria such as Escherichia coli and Klebsiella 
produce cadavarine (Tabor and  Tabor, 1985; Noack et al.,1998) and the 
factor that induce cadavarine synthesis have not yet been identified.   
1.18 Sheep 
1.18.1 Sheep production in Africa:  
Tropical Africa contains one-sixth of world sheep population. 
There is, on average, one sheep on every 10Hectors, and there are 1.1 
heads of sheep per person employed in the agricultural sector (Wilson, 
1991). In 1992 the total meat production from African sheep is estimated 
at 934.000 Metric Tons. Sudan contributed 74.000 MT which is 
equivalent to 7.9% of African total production.  
1.18.2 Sheep population:  
World sheep Population is 1138.4 million about 206 millions are 
from Africa, and 22.9 millions in Sudan (FAO, 1994). 
1.18.3 Types and breeds of sheep population in the Sudan 
Sheep types of the Sudan are Desert type, Nilotic, Zaghawa, 
Taposa, West African Fulani and many crosses between these types. 
Sudan desert sheep comprise a bout two–thirds of the sheep population in 
the county and almost 100% of its sheep are exported to the Middle East 
markets.  
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1.18.4 Breed classification 
Devendra and Mcleroy (1987) presented numerous methods for 
sheep classification which included tail type, coat and function or primary 
use.  
According to tail type four basic tail types were present which 
included long-tailed, short-tailed, fat tailed or rumped tail. 
Coat cover included three main groups as wool, hair and Fur. 
According to function or Primary use, tropical sheep are naturally 
multipurpose. Mutton, wool, Fur and milk production are given as a base 
for classification.  
Mc Leroy (1961) classified sheep of the Sudan into 5 groups: 
Desert, Nilotic, Zaghawa, Toposa and Fellata. These groups were 
designated as ecotypes.  
1.18.4.1 Ecotype Sudan desert sheep:  
The Sudan desert sheep constitute 80% of sheep population in 
Sudan (MCLeeroy, 1961). They provide the bulk of mutton in the 
Northern Part of the country. The desert sheep is a large, long legged 
animal with a hairy coat. Most of desert sheep are biscuit brown in colour 
(e.g. Butana sheep) with occasional black and white marking (e.g. Gezira 
sheep). Dubasi-Desert sheep come from two sources. 
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1. Nomadic flocks:  
In the semi-desert and savannah Zones (10º-16ºN) we find 
Kababish and Butana sheep. 
2. Village flocks:  
These are kept in the irrigated Gezira scheme grazing crops 
residues and some fodder crops. Kababish tribal breeds of sheep are to be 
considered the Prototype or model from which we discuss and compare 
all other related tribal breeds. They include not only the sheep of the 
Kababish tribe, but also the animals in full or part of such Arab tribe such 
as Hamar, Kawahla, Beni Garar, Hawauire, Bediriya, DarHamid, 
Hassaniya, Gawaman and other. They collectively occupy the area 
between the Nile and the upland of Darfur and roughly north of Kosti-
Nyala railway line (Mc Leroy, 1961).  
1.18.4.2 Meidob type of sheep 
They are tribal breeds of sheep are localized in the Miedob hills 
situated in north-eastern Darfur. These are actually similar to the ecotype 
arid upland.  
1.18.4.3 Beja tribal treed sheep  
They are principally localized in Eastern Sudan i.e. the red sea 
coast.  
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1.18.4.4 Butana tribal breeds (Shugar)  
They are found in Butana. This area stretches from River Nile on 
the west, Atbara River on the north, Blue Nile on the south and Kassala, 
Gedaref railway line on the east. Butana sheep have been called Shukriya 
tribal breed, which are divided into eastern and western sections with a 
number of associated sub-section e.g. Shugar. Gezira Dubasi and watish 
are found in south of Khartoum between the white and blue Niles as well 
as along the lower reaches of Dinder river. They are relatively pure bred 
animals.  
1.18.5 Ecotype Nilotic sheep  
These are found in southern Sudan and are owned by the Nilotic 
tribes (Dinka, Newer, and Shulluk). They constitute about 12% of 
Sudanese sheep. They are characterized by very small twisted horns. 
They are white in colour, with brown dots through out the skin.  
1.18.6 Ecotype Zagawa sheep  
 These are hardly animals resistant to climate changes, but 
relatively poorer in productive trials. The ram may reach 36 kg live 
weight. They are black in colour with white colour at the head, legs and 
tail end. They are characterized by having no pendulous penile sheath.  
1.18.7 Ecotype Taposa tribe in Equatoria.  
Mason and Mule (1960) classified then with the fat tailed sheep.  
They have shorter rough hair, short ears, white colour with black head, 
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neck and may be the shoulders. They resemble black headed Persian 
sheep. Probably they were introduced to Sudan through Somali. 
1.18.8 Ecotype Fellata sheep  
These belong to the West Africa types. They are found in North 
and South Darfur (Mason, 1961). They have long legs, long tail, short 
hair and many colours with dominating white colour at the caudal region. 
The adult ram may reach 36 kg body weight.  
1.19 Socio-economic importance of sheep  
The economic importance of sheep depends on the values of the 
main products which included meat, milk, fibre and skin. Economic 
conditions, social customs and trading conditions are amongst the factors 
that account for the wide fluctuation in the relative importance of sheep 
products in different areas of the world (Owen, 1971).  
The demand for meat is growing due to urbanization, nutritional 
awareness and higher earning capacity. It has been shown that in 
developed countries meat demand grows faster as real in comes rise 
(Williams and Payne, 1978).  
1.20 Meat quality and quantity of Sudanese sheep  
(A) Quantitative measurement  
Dressing percentage  
At birth it may be less than 30% while at mature body size it can 
exceed 55%. Carcass yield is also affected by the factors causing 
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temporary fluctuation in body weight particularly gut full (Carles, 1983). 
Gaili et al. (1972) reported a dressing percentage range of 40.7 – 43.2 for 
unfattened and 48.3 – 53% for fattened Sudan desert sheep and a range of 
51.6 – 58.8 with a mean of 56.4 for export desert sheep. The differences 
in dressing percentages were attributed to heavier live weights of the 
export sheep with the increased size of the breed Mclellond et al. (1976) 
found that body weight, carcass weight and dressing percentage 
increased. With in the breed Gaili (1977) found that dressing percentage 
increased with the body weight.  
Babiker and Mohammed (1990) found Marino sheep breed had 
greater dressing percentage than Sudan desert sheep, and explained this 
by the lighter gut fill and slaughter the dressing–out percentage or carcass 
yield is represented by the proportion of the dressed carcass divided by 
slaughter weight multiplied by 100. The significance of dressing 
percentage is that it defines the saleable part of the animals. The dressing 
Percentage may be calculated on full or empty body weight basis. The 
factors affecting dressing percentage age, nutrition, breed, species and 
condition of the animals. The dressing percentage increases till appoint 
where it tends to decrease (Palsson and Verges, 1952). 
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(B) Qualitative measurement 
Meat chemical composition  
Meat composition can be approximated to 75% water, 19% protein 
and 2.5% lipid. 1.2% carbohydrate (Laurie, 1991). The fat and Moisture 
contents of meat are inversely related (Palsson and Verges, 1952, Lawrie, 
1991). The protein, ash and water percent of the body decrease with 
advancing age and fattening (Reid et al., 1968; Gailie et, al., 1972).  
Kemp et al. (1976) found that ewe carcasses were fatter and have 
less moisture than withers ones, and that both sex groups, as carcasses 
became heavier, contained more ether extract, less moisture and less 
Protein.  
Baruah and Saikia (1989) reported higher protein content in meat 
of crossbred than did Assam local kids. There were no significant 
differences in moisture and ash content of meat. 
1.21 Goats 
1.21.1 Classification of goat breeds  
The domestic goats can be classified according to origin, body size, 
ear shape and length, function or height at withers (Devendra and 
Mcleroy, 1990).Classification of goats are often attempted by 
consideration of origin and ear characteristics together.  Manson and 
Maule (1960) demonstrated that only in Somalia and in the Sudan attempt 
has been made to classify goat types in two main groups-large long-eared 
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and small short eared. In central East Africa all goats are to have short 
erect ears. 
1.22 Goat breeds in Sudan 
1.22.1 Nubian goats  
Are found in the northern region, central region, Kordufan, Darfur 
and Khartoum Province. They are large, long legged, with pendulous ears 
and a Roman nose especially in the male. They are black or brown and 
have long coats. The principal value of the breed is in milk production 
because of their size. Surplus kids would be suitable for meat production 
(Mason and Mule, 1960; Devendra and Burns, 1970). 
1.22.2 Sudan Desert goats  
Sudan desert goat breed is a prominent breed and characteristic of 
the various other types in the arid regions of Africa. These have common 
characteristics; medium to large size, long legs, a fine coat and special 
adaptation to arid regions. Their colour ranges from white, grey faun red 
to black, which suggest considerable mixing with other goat breeds in the 
area .Horns are Present in both sexes. The primary value of the breeds is 
in the meat and skin Production. The average dressing percentage is 49% 
(Devendra and Mcleroy, 1990).  
1.22.3 Southern Sudan goats (Nilotic or Dwarf goats)  
Manson and Maule (1960) demonstrated that this type has the same 
distribution as the southern Sudan sheep, and also known as Niolotic or 
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Dwarf goats. Originated from Dwarf goats of Africa and found in Yei, 
Asholi, Kapoitia, Latuka, Baria and Taposa. The southern Sudan goat is 
compact and very small-only have the size of the goats of the northern 
Sudan-and may weigh as little as 11 kg. It may be of any colour white, 
black, tan or mixture of two or all three of these colours. Hair is very 
short. Ears are short. Horns are small, in male 5-8 cm long and erect; in 
the female they are very short or absent. Milk yield is negligible. 
1.22.4 Hill goats  
Also known as (Tagar) goats. They are small in size, short leg and 
ears. Both sexes are horned the colour ranges from brown to dark brown. 
This type of goats resemble the Nilotic in most of the characters 
(Muffarah, 1995). Hill goats in Nuba Mountain, Angasana, south of 
Gezira and around Mountain Marra Western Darfur. This type of goats is 
characterized by light weight, which helps them to climb mountain and 
escape from predators attacks (Abo-El.Azaim, 1996). 
1.22.5 Temperate goat breeds in Sudan  
Small number of foreign breeds of goat were imported into Sudan 
mainly Damascus, Anglo-Nubian, Saanen and toggenburg goats. Minor 
numbers of crosses of these breeds were found in Khartoum and El-
Gezira state (Abdo-ElAzaim. 1996). In 1976 three exotic pure breeds 
Saanen, Toggenburg and Anglo-Nubian were imported to the Sudan for 
improving milk and meat production through cross breeding with local 
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Nubian goats and multiplication of pure breeds (Khalafalla and Sulieman, 
1990). 
1.23 Socio-economic importance of goats 
Of all domestic animals, goats have a particular socio-economic 
Value to man. The Value goes back several centuries, and is consistent 
with the fact that next to the dog, goats were the first animals to have 
been domesticated by man (Zeuner, 1963). There are two aspects to their 
importance. Firstly, to meet man's social, cultural and recreational needs; 
secondly, to provide a supply of meat, milk, fibre and skins. The latter is 
particularly important in subsistence agriculture in the developing 
countries. Farmers earn income by the sale of animals for meat, milk and 
milk Products and skins. In addition, the miscellaneous functions of goats 
also have economic implications (Devendra, 1981). 
1.24 Goat meat  
Goat meat is the most important product from goats in the tropics. 
It is widely consumed. The colour of goat meat is usually dark red and it 
is some-what coarse in texture. The fat content is usually sparse and the 
fat is white in colour. The sparse covering of fat on the meat and the 
tendency the fat to be concentrated more in the Viscera is the 
Characteristics of the species. There is often strong odour especially in 
the meat of the non castrated old male goats.  
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There is little or no Processing of goat meat in the tropics. The 
meat is consumed where it is produced or sold in the markets by butchers 
for immediate consumption. Devendra (1981) distinguished three types of 
meat consumed in the tropics:  
1/ Meat from kids (8-12 weeks)  
2/ Meat from young goats (1-2 years)  
3/ Meat from old goats (2-6 years) 
Goat meat is termed either carbito or chevon depending on the age 
of the goat at slaughter. Carbito (Spanish for "little goat ") is from kids 
slaughtered with in the first week after birth. It is for barbecue meat and 
is highly sought after by certain ethnic groups. Chevon, on the other 
hand, is from older goats. Of these two meat types carbito is tenderer. 
Older mature goat is used primarily in processed meat such as goats 
sausage, frank furthers and bologna. 
1.24.1 Acceptability of goat meat 
A few studies have been carried out to assess the acceptability of 
goat meat (Kinton, 1970, Gaili et al., 1972., Fehr et al., 1976 and Pike et 
al., 1973) carried out a series of sensory panel tastes to compare meat 
from goats with beef, pork and lamb. It can be concluded that goat meat 
can hardly be distinguished from mutton or lamb, as far as flavour is 
concerned provided that it is obtained from relatively young animals. The 
long-held idea that goat meat is strongly flavoured is not well founded. 
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However, goat meat seems to be definitely less tender than lamb. Muscle 
cold shortening of the poorly fat covered kid of goat carcasses in 
comparison to lamb and sheep carcasses seems to have had a toughening 
effect on goat meat.  
The economic importance of sheep depends on the values of the 
main products which included meat, milk, fibre and skin. Economic 
conditions, social customs and trading conditions are amongst the factors 
that account for the wide fluctuation in the relative importance of sheep 
products in different areas of the world (Owen, 1971).  
The demand for meat is growing due to urbanization, nutritional 
awareness and higher earning capacity. It has been shown that in 
developed countries meat demand grows faster as real in comes rise 
(Williams and Payne, 1978).  
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CHAPTER TWO 
MATERIALS AND METHODS 
2.1 Experiment I  
2.1.1 Experimental animals  
Twenty eight (6 month old) male lambs with an initial average live 
body weight of 14.5kg were used in this study. The lambs were allowed 
to adapt to experimental ration for two weeks. The lambs were ear 
tagged, dewormed with a broad spectrum anthelmentic- Albendazole 
(Vermiprazole 2%, Amer, Girone, Spain) and Amprolium.  
At the end of the adaptation period the lambs were weighed to 
mark the initial body weight. They were then divided into four groups, 
seven animals each, according to a stratified randomized design, such that 
the initial average body weight remained similar in each group. 
Each group was kept in a separate pen. The pens were adequately 
equipped with watering and feeding facilities. The experiment was 
carried out in the animal unit of the Faculty of Veterinary Medicine – 
University of Khartoum, Shambat.  
2.1.2 Experimental rations  
The control ration consists mainly of Dura, wheat bran, groundnut 
hulls, ground nut cakes, salt, and salt licks. In the other three groups Gum 
Arabic dust was added at different levels 10%, 20% and 30% (Table 1). 
Gum Arabic dust was in a powder form and thoroughly mixed with the 
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ration. A fixed amount of green forages (Berseem, Medicagosativa) was 
offered at the rate of 0.25 Kg/head daily. The pattern of feeding and 
watering was in ad libitum manner.  
2.2 Experiment II  
2.2.1 Sheep  
Thirty six lambs (6 month old) with initial average live body 
weight of16.7 kg were used in this experiment. 
The lambs were allowed two weeks adaptation period. They were 
ear tagged, dewormed with a broad spectrum anthelmintic (Albendazole 
vermiprazole 2%, Amer, Girone, spain)  
At the end of the adaptation period the lambs were weighed to 
mark to the initial body weight. They were then divided into four groups 
of nine animals each, according to a stratified randomized design, such 
that average body weight remained similar in each group. Each group was 
kept in a separate pen. The pens were adequately equipped with watering 
and feeding facilities. The control ration consists mainly of sorghum, 
wheat bran, ground nut hulls, salts and salt licks. In the other three groups 
Gum Arabic dust was added at different levels 5%, 10% and 20 %( 
Table2). In this experiment the ration was formed in pellets (to compare 
between the consumption of the feed between the mesh form in the first 
experiment and the pelleted form in the second experiment). A fixed 
amount of green forages (Berseem, Medicagosativa) was offered at the 
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rate of 0.25 Kg/head daily. The pattern of feeding and watering was in ad 
libitum manner.  
2.2.2 Goats 
Sixteen goat kids (6 month old) with initial average live body 
weight of 9.5 kg were used in this experiment.   
The kids were allowed two weeks as an adaptation period. They were ear 
tagged, dewormed with a broad spectrum anthelmintic (Albendazole 
vermiprazole 2%, Amer, Girone, Spain). At the end of the adaptation 
period the goat kids were weighed to mark to the initial body weight. 
They were then divided into two groups of four animals each, according 
to a stratified randomized design, such that average body weight 
remained similar in each group. Each group was kept in a separate pen. 
The pens were adequately equipped with watering and feeding facilities. 
The control ration consists mainly of Dura, wheat bran, ground nut 
hulls, ground nut cakes salts and salt licks. In the other group Gum 
Arabic dust was added at level of 10% (Table 3) 
2.3 Experiment data  
2.3.1 Feed lot data  
All animals were weighed every two weeks using spring balance of 
maximum load of 100 kg. The initial body weight was recorded on the 
first day of the experiment. The remaining part of the rations of the 
previous day were collected, weighed and recorded for every group 
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separately. Feed intake by each group of animals was calculated by 
difference between refusal and amount offered daily. The feeding trial 
was terminated after 75 days.  
All rations were iso-caloric (ME 10.5±0.4 MJ/kg) and iso- nitrogenous 
(14.25±0.17) 
Table (1): Ingredients used in ration expressed as % bases in mesh 
form   
Rations 
Ingredients 
4 3 2 1 
zero 30% 20% 10% Gum Arabic dust* 
35 15 15 25 Ground nut hulls(GNH) 
31 19 29 31 Dura 
1 1 1 1 Salt 
1 1 1 1 Salt lick 
21 18 21 21 Wheat bran (WB ) 
11 16 13 11 Ground nut cake 
- - - - Urea 
- - - - Mollasses 
100 100 100 100 Total 
* Gum Arabic dust chemical composition was: 96.00 DM, 14.38 Ash, 2.60 C.P, 0.60 E.E, 
2.80 C.F and 11 MJ /kg ME 
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Table (2): Ingredients used in ration expressed as % bases in pelleted 
form (for sheep) 
Rations 
Ingredients 
4 3 2 1 
zero 20% 10% 5% Gum Arabic dust* 
35 15 25 28 Ground nut hulls(GNH) 
31 29 31 33 Dura 
1 1 1 1 Salt 
1 1 1 1 Salt lick 
21 21 21 21 Wheat bran (WB ) 
11 13 11 11 Ground nut cake 
- - - - Urea 
- - - - Mollasses 
100 100 100 100 Total 
  *as in table (1) 
Table (3): Ingredients used in ration expressed as % bases in pelleted 
form (for goats) 
Rations 
Ingredients 
2 1 
zero 10% Gum Arabic dust* 
35 25 Ground nut hulls( GNH) 
31 31 Dura 
1 1 Salt 
1 1 Salt lick 
21 21 Wheat bran (WB ) 
11 11 Ground nut cake 
- - Urea 
- - Mollasses 
100 100 Total 
      *as in table (1) 
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Table (4): Chemical composition of the experimental rations (on dry 
matter basis) 
Component 
Rations 
Zero 5% G.A 10% G.A 20% G.A. 30% G.A. 
Dry matter 95.3 87.9 89.8 91.7 90.8 
Crude protein 14.4 14.1 14.4 14.1 14.1 
Ether extract 3.4 3.3 3.0 3.0 2.5 
Crude fiber 26.7 20.5 14.8 15.3 12.3 
Ash 4.8 5.2 5.4 6.6 8.4 
MEMJ/kg 10.0 10.4 10.8 10.7 10.8 
 
2.3.2 Faecal samples 
One hundred and twenty faecal samples were taken from the 
different groups of sheep and goat kids for determination of the bacterial 
count, isolation and identification of the different organisms. Samples 
were taken every two weeks for two months.  
Viable count was done for the aerobic bacteria and for the anaerobic 
bacteria in blood agar media, MacConkey’s agar media and Reinforced 
Clostridium agar media.  
2.3.3 Blood samples 
Two hundred and sixty blood samples were taken from the 
different groups of sheep and goat kids for determination of urea, 
creatinine, haemoglubin and packed cell volume (PCV). 
2.4 Culture media 
Several solid, semi solid and liquid media were used for 
bacteriological investigation.  
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2.4.1 Solid media  
2.4.1.1 Nutrient agar 
Dehydrated nutrient agar "Oxoid" was prepared according to the 
manufacture’s instruction. This medium constituted of beef extract, 
peptone, sodium chloride and agar. Twenty- eight grams of powder were 
dissolved in one litre of distilled water. The rehydrate medium was put in 
a steamer to dissolve .The pH was adjusted to 7.4 and then the medium 
was sterilized. 
2.4.1.2 Blood agar  
The medium was prepared according to the method described by 
the manufacturers, (Oxoid). Forty grams of the dehydrated blood agar 
base, which is constituted of tryptose, sodium chloride, heart infusion and 
agar, were added to one litre of distilled water and steamed to dissolve. 
The pH of the rehydrated medium was adjusted to7.4 and then sterilized.  
To prepare blood agar plates, the stock blood agar base was 
dissolved by steaming, allowed to cool to 45 – 50 °C then 5 % sheep 
blood was added. The preparation was mixed before pouring onto sterile 
Petri dishes.  
2.4.1.3 MacConkey’s agar 
This medium was supplied by Diffico. It is constituted of lactose,  
bile salts, peptone, sodium chloride, neutral red, and agar, Fifty–two 
grams of the medium were dissolved in one litre of distilled water and 
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steamed to dissolve. The pH was adjusted to 7.4. After sterilization, the 
medium was divided into sterile Petri dishes and preserved at 4°C until 
used. 
2.4.1.4 Reinforced Clostridial Agar   
The medium was prepared according to the method described by 
"Oxoid". It constitutes of yeast extract, Lab Lemco, peptone, dextrose, 
soluble starch, sodium chloride, sodium acetate, cysteine hydrochloride 
and Agar No.3.were Suspend 52.5gm in one litre of distilled water. Bring 
to boil to dissolve completely, sterilize by autoclaving at 115°C for 20 
minutes. The medium was poured into sterile Petri dishes.  
2.4.1.5 Urea agar 
The basal medium of "Oxoid" constitutes peptone, glucose, sodium 
chloride, potassium dihydrogen phosphate, phenol red and agar. An 
amount of 2.4 grams was dissolved in 95 ml distilled water by boiling. 
After adjustment of the pH to 6.8 and sterilization, the medium was 
cooled to 50°C and 5 ml of sterile 40% urea Solution were added .The 
medium was distributed into 10 ml aliquots into sterile screw–capped 
bottles in a slope position. 
2.4.1.6 Aesculin agar  
The medium was prepared according to Cown (1974) .The medium 
constitutes of one gram of aesculin, 0.5 grams ferric citrate and 2% agar. 
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The sterilized solid ingredients were dissolved in one litre of peptone 
water.  
2.4.1.7 Simmon’s citrate agar  
The dehydrated medium of (Oxoid) constituted of sodium chloride 
Magnesium sulphate, ammonium phosphate, ammonium dihydrogen 
phosphate, sodium citrate, tri-basic bromothymol blue and agar. Twenty – 
three grams were dissolved in one litre of distilled water and dissolved by 
steaming. The pH was adjusted to 7.0 before sterilization. Then it was 
divided into sterile McCartney bottles and allowed to set in a slope 
position. 
2.4.1.8 Nutrient gelatine (Oxoid) 
This medium consists of Lab Lemco powder, peptone  and gelatin. 
One hundred and twenty five grams of the powder were dissolved in one 
litre of distilled water. It was divided into sterile Bijou bottles 2 ml in 
each. Then it was sterilized. 
2.4.1.9 Dorset egg medium (Oxoid)   
The medium consists of fresh egg mixture (yolk+white) and 
nutrient broth. The egg was washed thoroughly with soap and water, 
soaked in 70 % alcohol for 30 min, and then layered on sterile surface.  
The shell was broken at the narrow end with sterile knife and the contents 
were left to fall into sterile flask and the set was then shaken thoroughly 
to break up the yolk and to produce homogenous mixture. 
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The powder was suspended in 250 ml of distilled water, boiled to 
dissolve completely and then added to egg mixture and mixed well 
avoiding bubbles formation. The medium was distributed in sterile 
McCartney bottles in amounts of 5-7 ml each. To sterilize the bottles 
were sloped in the upper part of steamer until the slant has been formed 
and then left for one hour in the steamer. The procedure was repeated two 
successive days.   
2.4.1.10 Eosin methylene blue agar 
The medium was supplied by Difico. The medium consisted of 
peptone, lactose, dihydrogen phosphate, eosin, methylene blue and agar. 
Thirty–six grams of the dehydrated powder were dissolved in one litre of 
distilled water. The pH was adjusted to 6.8 and sterilized. 
2.4.2 Semi – solid media  
2.4.2.1 Hugh and Leifon’s (OF) medium  
Potassium hydrogen phosphate, sodium chloride, peptone and agar 
were dissolved in one litre of distilled water. Aqueous solution 2% 
Concentration of bromothymol blue indicator was added to give a final 
concentration of 1%. The contents were distributed into 10 ml volumes 
into sterile tubes (Cowan 1974).   
2.4.2.2 Craigie-tube media   
Thirteen grams of dehydrated nutrient agar were added to 5 grams 
of Oxoid agar No. 1 and dissolved in one litre of distilled water. The pH 
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was adjusted to 7.2-7.4. The volume was divided into smaller volumes of 
5 ml in 20 ml tubes containing the appropriate tubes. Then the tubes were 
sterilized. 
2.4.3 Liquid media 
2.4.3.1 Nutrient broth  
The medium was prepared according to Oxoid. Thirteen grams of 
dehydrated nutrient agar, which consisted of peptone, beef extract and 
sodium chloride, were dissolved in one litre of distilled water. The pH 
was adjusted to 7.2–7.4 and sterilized. 
2.4.3.2 Peptone water  
Peptone water was prepared as described by Cowan (1974), 10 
grams peptone (Oxoid) and 5 grams of sodium chloride were dissolved in 
one litre of distilled water. The PH was adjusted to 7.2, distributed into 
5ml aliquots into sterile bottles and sterilized.  
2.4.3.3 Carbohydrate fermentation media  
This medium was prepared according to Cowan (1974). Nine 
hundred ml of peptone water was prepared and PH adjusted to 7.1 to 7.3 
Ten ml of Andared’s indicator was added. The medium was then 
sterilized. Sugar solution was prepared by dissolving 10 grams of the 
appropriate sugar in 90 ml of distilled water. This sugar solution was 
added aseptically to the peptone water distributed in 5 ml amounts in 
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sterile test tubes and then sterilised. The sugars used were glucose, 
sorbitol, cellobiose, glucerol, raffinose and arabinose. 
2.4.3.4 Methyl red–Voges–Proskaüer media  
This medium was prepared according to Cowan (1974). Five grams 
of peptone and 5 grams of potassium phosphate were added to one litre of 
distilled water and steamed until the solids were dissolved. The PH was 
adjusted to 7.5 Anhydrous glucose powder was added to the above 
constituents give a final concentration of 0.5%.The medium was 
distributed into 1.5 ml amounts in test tubes and sterilized. 
2.4.3.5 Cooked meat medium (CMM) 
This medium was prepared according to Cowan (1974). Four 
hundred and fifty grams of minced, fat–free beef were added to one liter 
of distilled water, boiled for one hour and filtered through muslin. The 
meat was left to dry. The dry meat fragments were distributed to the 
depth of   2.5 cm in sterile screw capped bottles; nutrient broth was added 
to a level of 5 cm and sterilized.  
2.4.3.6 Reinforced clostridium medium (RCM) 
This medium was constituted of Yeast extract, Lab Lemco powder, 
Peptone, Soluble starch, Dextrose, Cysteine hydrochloride, Sodium 
chloride, Sodium acetate, and Agar.  
38 g was suspended in one litre of distilled water. The pH was adjusted to 
6.8. Bring to the boil dissolve completely and sterilize.  
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2.5 Reagents  
2.5.1 Hydrogen peroxide 
This was obtained from Agro harm limited (Buckingham, England) 
and prepared as 3%aqueous solution for catalase test.  
2.5.2 Alpha – naphthol Solution 
This was manufactured by (B D H, Poole, England.).It was 
Prepared according to Cowan (1974) as 5 % solution and used for Voges–
Proskaüer test (VP).  
2.5.3 Kovac’s reagent (B D H)  
This reagent contains p-dimetyl aminobenzaldehyde, anyle alcohol 
and concentrated hydrochloric acid. It was prepaed as described by 
Cowan (1974) by dissolving the aldehyde in the alcohol through heating 
in water bath. It was then cooled and the acid was added. The reagent was 
stored at 4 °C for later use. 
2.5.4 Iodole test reagent 
2.5.5 Potassium hydroxide  
This was obtained from (B D H).It was prepared as 1% aqueous Solution 
and used for oxidose test.  
2.5.6 Methyl red solution 
This was prepared according to Cowan (1974) by dissolving 0.4 
grams methyl red in ethanol. The volume was made up to 100 ml distilled 
water .It was used for methyl red test. Tetra methyl 1–p–phenylene 
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diamino dihydrochloride. This was obtained from (B D H). It was 
prepared as 1% aqueous Solution   and used for oxidase test.   
2.5.7 Andared’s indicator 
This was prepared according to Cowan (1974) by dissolving 5 
grams of acid fuchsin in one litre of distilled water and 150 ml alkali 
solution was added.  
2.5.8 Bromothymol blue  
This was supplied by (B D H). It was prepared by dissolving 0.2 
grams of the powder in 100 ml distilled water.   
2.5.9 Neutral red  
Product of Hopkin and Williams Ltd., London. 
2.5.10 Phenol red  
Product of Hopkin and Williams Ltd., London. 
2.6 Sterilization 
2.6.1 Sterilization of glassware 
Petri dishes, test tubes, flasks, Pasteur pipettes and graduated 
pipettes were sterilized in hot air oven at 160°Cfor one hour. Bottles were 
sterilised in the autoclave at 15 Ib/inch² for 15 minutes at 121°C  
2.6.2 Sterilization of culture media and solutions 
Blood agar, nutrient agar, MacConkey’s agar, cooked meat media, 
Reinforced clostridium Agar, Reinforced clostridium medium Simmons 
citrate agar, methyl red, Voges-Proskaüer media and peptone water were 
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sterilised by autoclaving at 115°C for 10 minutes under 110 Ib/inch² 
pressure. Hugh and Leifson’s (OF) medium was sterilised by autoclaving 
at 115°C for 20 minutes. Carbohydrate media were sterilized by 
autoclaving at 5 Ib / inch² for 10 minutes at 110 °C 
2.7 Culture methods 
Primary cultures were done directly from the faecal sample on 
blood agar and MacConkey agar. 
2.8 Incubation of cultures 
All cultures were incubated at 37°C for 24 hours except for citrate, 
urease and aeusculin test, which were incubated up to 7days.Voges– 
Proskaüer, methyl red and peptone water for indole test were incubated 
for 48 hours. Also incubation of aerobic cultures was for 48 hours.  
2.9 Examination of cultures  
Visual examination of cultures on media was performed for 
detection of growth, colonies morphology and any changes in the media. 
2.10 Purification and preservation of isolates  
Purification was done by sub–culturing part of well isolated colony 
from the corresponding media.  The resulting growth was checked for 
purity by the incubation into cooked medium and storage at 4°C in a 
refrigerator. 
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2.11 Staining techniques 
2.11.1 Preparation of smears  
Smears were prepared as follows: small inocula of tested bacteria 
were emulsified in a drop of normal saline and spread on a clean slide. 
The smears were allowed to dry in air and then mixed by gentle flaming.  
2.11.2 Gram–stain  
Gram stain was done according to the method described by 
Cruickshank et al., (1975)  
2.12 Biochemical Methods for the Identification of the isolated 
bacteria  
The entire biochemical tests were performed according to Barrow 
and Feltham (1993). 
2.12.1 Oxidase test 
Pieces of filter paper with 1% solution of Tetramethyl P-
Phenenylene diamine were used in this test. The tested organism was 
Picked with a sterile bent glass rod and rubbed on a filter paper. A dark 
purple colour that developed 5 to 10 seconds was considered as a positive 
result.  
2.12.2 Catalase test 
A drop of 3% aqueous solution of hydrogen peroxide was placed 
on a cleaned a small a mount of a single colony under test placed on the 
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hydrogen peroxide drop using a glass rod. Production of gas bubble 
indicates positive result for the catalase test. 
2.12.3 Sugar fermentation test 
The sugar medium was inoculated with the bacteria previously 
grown on peptone water, incubated and then examined daily for up to 
7days. Acid production was indicated by the development of red colour in 
the medium.  
2.12.4 Urease test  
A slope of urea medium was inoculated with the tested organism 
and incubated. Change in the colour to red indicated positive reaction.  
2.12.5 Indole test  
Inoculated peptone water with the test organism was incubated for 
24 or 48 hours. Kovac’s reagent was poured down the wall of the test 
tube to make a top layer. Development of red colour between the two 
layers indicated a positive reaction. 
2.12.6 Voges–Proskaüer (V.P.) test  
This medium was a test for the production of acetyl methyl 
carbinol. Glucose phosphate medium was inoculated with the bacteria 
under test and incubated for 48 hours. O.6 ml of 5% a–naphthol followed 
by 0.2 ml of 40% potassium hydroxide (KOH) an aqueous solution was 
added. It was well shaken and examined after 15 minutes and one hour. A 
positive reaction was indicated by bright pink colour. 
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2.12.7 Methyl red test 
Glucose phosphate medium was inoculated with the test organism 
and incubated for 48 hours. Five to six drops of methyl red solution were 
added and the tube was shaken. The development of red colour indicated 
positive reaction. This test was done for the production of prolonged 
acidity from glucose in a buffered medium by an organism.  
2.12.8 Oxidation – fermentation (OF) test 
Two tubes of Hugh and Leifson’s medium were inoculated with 
the test culture, one being covered with a layer of sterile soft paraffin to a 
depth of a bout 1–2 cm. They were then incubated at 37 ºC and examined 
daily up to 14 days. Fermentative organisms were indicated by change in 
colour (yellow) in both tubes, while oxidative organism was indicated by 
change in the unsealed tube only.  
2.12.9 Citrate utilization 
Simmon’s Citrate medium was inoculated with the test organism 
and incubated at 37°C for up to 48 hours. Positive test was recognized by 
colour, Negative test was considered after further incubation up to days. 
2.13 Identification of the isolated bacteria 
The purified Isolates were identified according to the criteria out 
lined by Barrow and Feltham (1993). 
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2.14 Preparation of bacterial metabolites 
E. coli and Klebsiella spp. organisms were cultured in 100ml 
Reinforced Closteridial media (RCM) and to another two bottles 0.5% 
and 1% of Gum Arabic was added. Then bottles were incubated at 37°C 
for 24 hrs. The cultured media were centrifuged at 4000-6000 rpm for 
15min.After that filtered with Millipore filter using filter paper of 
0.2µm.Then the solution as kept in sterile bottle to use it in the 
experiment.  
2.15 Parameters and collection of samples  
Faecal samples and blood samples for haematology and sera were 
taken at zero time (before start feeding of the experimental diet) and 
every two week for two months. 
Faecal samples were taken for the bacterial count and for the Isolation of 
different bacteria. 
Viable bacterial count was done according to Miles and Misra (1938).   
2.16 Haematological methods  
2.16.1 Collection of blood  
Blood samples were collected every two weeks by jugular vein 
puncture in five ml sterile vacutainer–tubes containing sodium citrate as 
an anticoagulant.  
2.16.2 Determination of haemoglobin (Hb) concentration  
The concentration of haemoglobin according to Sahale’s method. 
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2.16.3 Packed cell volume (PCV) A micro centrifuge (Hawskley and 
Sons Ltd., England) at 3000 Pm was used. The haematocrite was read in a 
Hauskly microhaematocrite reader. 
2.16.4 Urea and creatinine  
According to Randox method. 
2.17 Slaughtering procedure and carcasses data 
Three lambs from each treatment were randomly taken, and four 
goat kids were also taken and slaughtered at the end of the feeding trial. 
Animals to be slaughtered were fasted over night but allowed access to 
water. Then they were weighed to obtain net slaughter weight. The 
animals were slaughtered according to Muslim`s Practice as the animal is 
laid down on its left side facing East (Makkah) the holy city of Islam by a 
single slash of a sharp Knife. After the animal was slaughtered and 
completely bled the head was removed at the allanto-occipital joint and 
the fore and hind feet were removed at carpal and tarsal joint, 
respectively. The animal was skinned, the abdominal and thoracic organs 
were removed and kidneys were left in tact on the carcass. The warm 
carcass weight was recorded and the carcass was stored in the refrigerator 
at 4cº for 24 hours.  After Chilling the cold carcass was weighted.  
2.18 Objective meat quality parameters  
The Semimebranosis muscle of the left side was dissected out. 
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2.18.1 Water holding capacity (W.H.C)  
Samples of 0.5 grams were used. Each sample was Placed on a 
humidified filter paper (Whatman No-1) kept in a desiccator or over 
saturated potassium chloride (KCL) solution and pressed between two 
plexiglass plates for 25kg per cm² pressure. The meat film area was 
traced with a ball pen and the filter paper was allowed to dry. Meat and 
moisture areas were measured with the compensating planometer. The 
resulting area covered by the loose water was divided by the meat film 
area to give a ratio expressed as water holding capacity (W.H.C.) of meat. 
A larger ratio indicates an increase in the watery condition of the muscle 
or decrease in (W.H.C.).  
W H C = Loose water area – meat film area  
Meat film area  
 
 
2.19 Subjective meat quality parameters  
2.19.1 Proximate analysis 
The determination of total moisture, ash, total protein and fat (ether 
extract) of meat Performed according to AOAC (1980). 
2.19.2 Ultimate pH  
Slice of meat, two squire inches, was raped at the head of the PH 
meter electrode to give the reading immediately.  
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2.19.3 Protein fractionation 
Meat samples for protein fractionation were trimmed off excessive 
subcutaneous fat and connective tissues before mincing. 
2.20 Tissue culture experiment 
2.20.1 Preparation and sterilization of glassware 
Glassware such as beakers, flasks, pipettes, centrifuge tubes, 
measuring cylinders and bijou bottles were boiled in water with a 
detergent for 20 minutes then resend in water five times to remove the 
detergent completely .Then they were immersed overnight in distilled 
water (DW), then washed at least three times at distilled water (DW), 
allowed to dry and sterilized by heating at 180 c° for two hours. 
2.20.1.1 Equipment:  
1) Air flow laminar hood. (Lamar flo.)  
2) Bechman centrifuge (L7 ultra centrifuge). 
3) Sonifier (B-12).  
4) Incubator (Laboratory thermal Equipment (LTE) Green field).  
5) Magnetic stirrer (IKMAGRCT).  
6) Water bath (Memmert).  
7) Autoclave. 
8) Sensitive Balance (Kern).  
9) Inverted microscope (Labovert FS, Leitz).  
    10) Culture tissue flasks.  
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    11) Pipettes (1000ML, 20ML).  
    12) Tips (Yellow and blue).  
2.20.2 Media 
Glasgour Minimum Essential Medium (GMEM 5X) 
Dissolve the content of one bottle in two litres of D.D.W.  
Filter through Millipore filter (0.22 micron) and distribute in suitable 
containers.  
Test sterility. 
Store at – 20°C. 
GMEM 1X  
To prepare one litre:  
GMEM 5X       200 ml 
Yeast extracts (1%)     25 ml 
Lact. Alb.Hydrolysate (5%)    25 ml 
P.S.        1 ml 
Neomycin (or any other broad spectrum antibiotic) 1 ml  
Nycostatin (Fungizon for primary culture)  1 ml  
NaH cº (7.5%)       7.5 ml (or as required) 
D.D.W to       1000 ml  
Add 50 ml Trptose phosphate broth (TPB)
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2.5% Trypsine  
Weight 12.5 gm of precooled Phosphate Diluent (P.D.) using magnetic 
stirrer.  
Trypsin – Versene solution (T.V)  
To prepare 100 ml:- 
Trypsin (2.5%)     6.0 ml 
Versene (5%)     4.0 ml  
P.D. (1X) to –     100.0 ml     
Add few drops of sterile phenol red and adjust.  
The PH with IM NaOH.  
Phosphate Diluent (P.D.):  
To prepare 2 litres 
NaCl   16 gms  
KCl  0.4 gm  
NHHPº4 (anhydrous) 2.3 gms  
D.D.W – to 1800 ml  
- Sterilize by Autoclave.  
- Cool, adds antibiotics. 
- Complete to 2 litres with sterile D.D.W.  
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Phenol red (1%) 
1) 1.0 gm of alcohol–soluble phenol Red (USP) is placed in a 100 ml 
beaker and approximately. 2 ml of NaOH IM solution are added. 
Mixed and allowed to stand for few minutes.  
2) Additional a mount of NaOH solution is added. If the dye is not 
dissolved (but not more than 7 ml of NaOH in total. 
3) The dissolved dye is brought to a final volume of 100ml with 
D.D.W. and stored at room temp.  
HBSS (2 litres, 5x Conc.) 
Sol.A:- 
NaCl    80.0g 
KCl    4.0 
Mgso.7HO   2.0 
NaHp0    0.6 
KHp0    0.6 
Dextrose    10.0 
 Add 1500 ml of D.D.W. 
Sol B: 
CaCl. 2Ho   1.85 
D.D.W.    300 ml 
2% phenol Red sol   10 ml 
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Add sol. B to A and complete with D.D.W to 2000 ml under continuous 
stirring. 
Filter with Millipore, test for sterility and store at–20 cº.  
(1X):  
To prepare 1 litre  
HBSSX5     200 ml 
NaHc     1 
P.S.     1 
Gentamycine   1 
D.D.W to    1000  
Trypsine in HBSS:  
HBSS X7   270 ml    
Trypsine 2.5%  30 ml 
0.25% Trypsin in HBSS:  
HBSS X7   450 ml 
Trypsine   50 ml  
5% Versene solution:  
Versene   5 gm 
P.D. to   100 ml 
Sterilize by autoclave. 
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2.20.3. Antibiotics  
Penicillin and streptomycin are the antibiotics most commonly 
used. To 20 ml of sterile pure water add an aseptically 
Sodium penicillin 1X10
6 
i.u. vial  
Streptomycin sulphate 1 gm vial  
Use 1 ml of this solution for each 500 ml of final medium concentration 
of 
Penicillin   100 units / ml 
Streptomycin   100 Mg/ml  
2.20.4 Serum 
Calf serum (stored correctly).  
2.20.5 Preparation and maintenance of cell cultures 
The tissue in the study is of the calf and lamb kidney. 
2.20.5.1 Preparation of cell monolayer from mammalian kidney 
cortex 
1. The excised kidney is decapsulated and the cortex is cut from the 
medulla. It is then cut into small pieces of 5-10mm square using sharp 
scalpels and the pieces of tissue washed in a balanced salt solution 
with out calcium or magnesium, such as P.B.S.A solution.  
2. Tissue is then transferred to a trypsinisation flask. A standard flask.  
3. Sufficient 0.25 percent trypsin solution to cover the tissue is added, the 
trypsin having previously warmed to 37 cº. A sterile (Teflon) covered 
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magnet is added and the suspension stirred for 30 minutes. Discard 
this solution since it will contain dead cells and blood.  
4. Fresh warmed trypsin is added to the tissue and stirred for 30 minutes. 
The tissue is allowed to settle, strained through sterile muslin and 
decanted into a sterile flask with 5 percent serum. Further digestion of 
the tissue is carried out until sufficient cells are obtained.  
5. The bulked cell suspension is allowed to stand for a short while and 
when any tissue fragments have settled, the supernatant cells are 
centrifuged at 150 g for 10 minutes. 
6. The centrifuged cells are bulked and centrifuged at 150 g for 5 minutes 
in calibrated centrifuge tubes.  
7. 2 ml packed cells are added to 500 ml L.Y.H. plus 5 percent fetal 
bovine serum. Cell suspension is dispensed into various growth 
vessels. Approximate cell seeding rate 5X10
5
 cells /ml. 
2.20.5.2 Subculture of cell monolayer  
1. Remove supernatant fluid. 
2. Wash once in trypsin versene (T.V) solution, pour off quickly. 
3. Add T.V. solution warmed to 37 cº sufficient to cover cell sheet. Pour 
off carefully after 1min. Leave bottle for a further 5 minutes. Check 
microscopically for separation of cells. 
1. Remove cells and break up fragments by gently pipetting with 10 ml of 
warmed Eagle`s M.E.M. growth medium.  
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2. The cell are then suspended in twice the original volume of M.E.M. 
and dispensed as required (1:2 split). It is important not to over dilute 
the seed other wise the cells will not multiply.  
2.20.5 Virus  
Sheep pox virus (Beaudate strain, international for Sudan obtained from 
the Central Veterinary Research Laboratories, Soba) was used in this part 
of the experiment. 
2.21 Fermentation process of rumen liquor in vitro 
2.21.1 Gas production  
The samples were incubated with rumen fluid in calibrated 
syringes (100 ml) following the procedure of Menke et al. (1979) .The 
syringes were incubated in a water bath at 39°c with polyurethane lid 
fitted with holes to hold the syringes upright in the water bath. The rumen 
fluid was filtered, mixed with the buffers. About 200mg of the samples 
plus 40ml of rumen fluid and buffer were incubated triplicate .The 
syringes were gently shaken one hour after the start of incubation and 
there after every reading during the 48hr of incubation. Blank of rumen 
fluid plus buffer was included for comparison. Gas production was 
recorded at 3, 6, 12, 24 and 48hr. Net gas volume at each incubation 
period was calculated by substracting the mean gas volume of the blanks 
from the mean volume of gas in syringes with samples. 
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2.21.2 Ammonia determination method 
NH3.N was determined as described by Abdulrazik and Fujihara 
(1999). In the test tube 3 ml trichloroacetic acid and 3 ml of rumen fluid 
were put and centrifuged for 10 minutes. 2 ml of the above solution were 
directly infuse to distillation set up and then 10 ml of sodium borate were 
added, distilled for about 5 minutes and titrated using 0.05 N sulfuric 
acid. 
Calculation; 
Rumen NH3-N (mg) = Titration (ml x 0.0014) 
                                   Amount of sample 
 
2.21.3 Volatile fatty acids measurement 
VFA was determined as described by Abdulrazik and Fujihara 
(1999). 
Calculation: 
VFA (m mol/100 ml) = (Titrare (ml) x NaOH factor x100) vol. of rumen 
fluid. 
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CHAPTER THREE 
RESULTS 
3.1 Experiment 1 
This experiment was designed to detect the effect of G.A. on 
haematological and serum parameters during the course of the 
experiment. The study evaluated haemoglobin concentration, urea 
level, creatinine and packed cells volumes for the different groups. 
Body weights and bacterial counts were also determined. 
3.1.1 Feed intake 
There were no differences in feed intake in this experiment 
between different groups 1, 2, 3 and 4. Avarege feed intake was 
700g/day/animal.  
3.1.2 Body weight 
Table (5) presents the mean of initial body weights, final weights 
and the average weight gains for the four groups. The statistical analysis 
for the result is given in tables (5.1), (5.2) and (5.3). 
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Table (5): Body weight of sheep fed rations containing different 
concentrations of G.A. (in mesh form) 
 
Body weight (kg) 
Group 
Average gain in 
two months 
Final Initial 
3.9 18.4 14.5 Group1(Ration 1, 10% Gum Arabic) 
2.9 17.4 14.5 Group2 (Ration 2, 20% Gum Arabic) 
2.5 17.2 14.7 Group3 (Ration 3, 30% Gum Arabic) 
1.9 16.4 14.5 Group 4 (Ration 4, Zero Gum Arabic) 
 
Table (5.1) presents the analysis of variance of four weights trails. 
For all weights the regression on initial weight was highly significant 
(P<0.01). The effect of ration was close to significant only in the case of 
body weight number 4. The overall means of body weight 1, 2, 3 and 4 
for all tested rations are given in table 5.2. The highest body weight was 
for bd.wt4 and amounted to 17. 38 kg and the lowest weight was bd. wt1 
which was 15.14 kg, a difference of 2.24 kg over a period of two months. 
Table 5.3 shows the means and standard errors of body weight ranging 
from weight at 6 months to weight at 8 months. Difference in body 
weight for weight 4 ranged between 18.56±0.53 kg for ration 1 and 
16.47±0.53 kg for ration 2. 
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Table (5.1): Effect of ration and initial weight on the body weight of 
sheep fed G. A. (in mesh form) for two months  
Source Trait df 
Mean 
Squares 
F Sig. 
Regression on initial 
Weight 
Wt1 1 82.79 329.23 0.00 
 Wt2 1 125.52 86.98 0.00 
 Wt3 1 135.79 73.61 0.00 
 Wt4 1 118.70 61.54 0.00 
Ration Wt1 3 0.13 0.52 0.67 
 Wt2 3 2.52 1.75 0.19 
 Wt3 3 1.64 0.89 0.46 
 Wt4 3 5.50 2.85 0.06 
Error Wt1 23 0.25   
 Wt2 23 1.44   
 Wt3 23 1.85   
 Wt4 23 1.93   
 
df= Degrees of freedom 
Wt0 = Initial body weight before starting the feeding experimental ration 
Wt1 = Body weight tow weeks after starting the feeding experimental ration 
Wt2 = Body weight four weeks after starting the feeding experimental ration  
Wt3 = Body weight six weeks after starting the feeding experimental ration 
Wt4 = Body weight eight weeks after starting the feeding experimental ration 
Ration 1=10% G.A.    Ration 2=20% G.A 
Ration 3=30% G.A.    Ration 4=Zero% G.A. 
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Table (5.2): Grand means and standard errors of Wt 1, Wt 2, Wt3 
and Wt 4 
Trait Mean S. E. 
Wt1 15.14 0.10 
Wt2 15.52 0.23 
Wt3 16.27 0.26 
Wt4 17.38 0.26 
* Abbreviations as in table 5.1 
 
Table (5.3): Means and standard errors of Wt 1, Wt 2, Wt3 and Wt 4 
of sheep fed rations containing different concentrations of G.A. (in 
mesh form)  
Trait Ration Mean S. E. 
Wt1 
1 15.18 0.19 
2 15.32 0.19 
3 15.04 0.19 
4 15.04 0.19 
Wt2 
1 16.27 0.45 
2 15.62 0.45 
3 15.35 0.46 
4 14.83 0.45 
Wt3 
1 16.92 0.51 
2 16.33 0.51 
3 15.99 0.51 
4 15.83 0.51 
Wt4 
1 18.56 0.53 
2 17.47 0.53 
3 17.00 0.53 
4 16.47 0.53 
* Abbreviations as in table 5.1 
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Fig.(1): Effect of rations containing different concentrations of 
G.A. in mesh form on the body weights of sheep after 2 weeks 
(Wt1), 4weeks (Wt1), 6 weeks and after 8 weeks (Wt4) 
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3.1.3 Blood and serum parameters  
3.1.3.1 Haemoglobin concentration  
 Table (6): presents the means of initial haemoglobin, final 
haemoglobin and average haemoglobin concentration of the four groups. 
Statistical analysis for the results is shown in tables 6.1, 6.2 and 6.3  
Table (6): Haemoglobin concentration of sheep fed rations containing 
different concentrations of G.A. (in mesh form) 
Haemoglobin 
 concentration (g/dl) 
Group 
Average in 
two months 
Final Initial 
2.9 10.3 7.4 Group1 (Ration 1, 10% Gum Arabic) 
0.3 9.1 8.8 Group2 (Ration 2, 20% Gum Arabic) 
0.3 8.8 8.5 Group3 (Ration 1, 30% Gum Arabic) 
0.9 8.6 7.5 Group 4 (Ration 1, Zero Gum Arabic) 
 
Table 6.1 presents the analysis of variance of five haemoglobin 
values at 0, 1, 2, 3 and 4 months. For all haemoglobin values the 
regression on initial weight was not significant (p<0.05) but it was highly 
significant (P<0.01) at Hb4.The effect of ration on the haemoglobin level 
was highly significant (P<0.01) on Hb1.The over all means of 
haemoglobin Hb0, Hb1, Hb2, Hb3and Hb4 for all tested groups are given in 
table 6.2.The result shows that the highest Haemoglobin mean value was 
10.082±0.253 g/ 100ml and the lowest Haemoglobin mean value is 
8.021±0.337 g/100ml, a difference of 2.061g/ 100ml over a period of 2 
months. Table 6.3 shows the means and standard errors of ration against 
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haemoglobin ranging form reading Hb0 to Hb4. Difference in Hb3 ranged 
between 10.96±0.51g for Ration 2 /100ml and 10.05±0.51g/100ml for 
Ration 1.  
Table (6.1): Effect of ration and initial weight on haemoglobin 
concentration (Hb) of sheep fed G. A. (in mesh form) for two months  
Source Trait df Mean Square F Sig. 
Linear regression on 
initial weight 
Hb0 1 2.01 0.63 0.44 
 Hb1 1 2.13 1.91 0.18 
 Hb2 1 1.96 1.52 0.23 
 Hb3 1 3.07 1.71 0.20 
 Hb4 1 20.66 7.15 0.01 
Ration Hb0 3 3.69 1.16 0.35 
 Hb1 3 5.93 5.32 0.01 
 Hb2 3 0.92 0.71 0.56 
 Hb3 3 3.18 1.77 0.18 
 Hb4 3 4.72 1.64 0.21 
Error Hb0 23 3.19   
 Hb1 23 1.12   
 Hb2 23 1.29   
 Hb3 23 1.80   
 Hb4 23 2.89   
* Hb0, Hb1, etc. correspond to Wt 0, Wt 1, etc in table 5.1 
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Table (6.2): Grand mean of Hb0, Hb1, Hb2, Hb3 and Hb4  
Trait Mean S.E. 
Hb0 8.02 0.34 
Hb1 8.38 0.20 
Hb2 9.43 0.22 
Hb3 10.08 0.25 
Hb4 9.21 0.32 
*Abbreviations as in table 6.1 
Table (6.3): Means and standard errors of Hb0, Hb1, Hb2, Hb3 and 
Hb4 of sheep fed rations containing different concentrations of G.A. 
(in mesh form) 
Trait Ration Mean S.E. 
Hb0 
1 7.42 0.68 
2 8.81 0.68 
3 8.47 0.68 
4 7.39 0.68 
Hb1 
1 9.25 0.40 
2 9.08 0.40 
3 7.76 0.40 
4 7.42 0.40 
Hb2 
 
1 9.19 0.43 
2 9.92 0.43 
3 9.13 0.43 
4 9.49 0.43 
Hb3 
1 10.05 0.51 
2 10.96 0.51 
3 9.32 0.51 
4 9.99 0.51 
Hb4 
1 10.40 0.64 
2 9.15 0.64 
3 8.71 0.64 
4 8.60 0.64 
*Abbreviations as in table 6.1 
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Fig. (2): Effect of rations containing different concentrations of 
G.A. in mesh form on haemoglobin conc. of sheep at zero time 
(Hb0), after 2 weeks (Hb1), 4 weeks (Hb2), 6 weeks and after 8 
weeks (Hb4)  
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3.1.3.2 Serum creatinine levels 
 Table (7): presents means of initial serum creatinine, final 
creatinine and the average creatinine levels for the four groups. Statistical 
analysis for the results is shown in tables 7.1, 7.2 and 7.3  
Table (7): Serum creatinine levels of sheep fed rations containing 
different concentrations of G.A. (in mesh form) 
Creatinine level (mg/ dl) 
Group Average value 
 in two months 
Final  Initial  
0.1 1.1 1 Group1 (Ration 1, 10% Gum Arabic) 
0.1 1.1 1 Group2 (Ration 2, 20% Gum Arabic)  
0.4 1.4 1 Group3 (Ration 3, 30% Gum Arabic) 
0.3 1.3 1 Group 4 (Ration 4, Zero Gum Arabic) 
 
Table (7.1) presents the analysis of variance of five creatinine 
values at 0,1,2,3 and 4 months.  For all creatinine values the regression on 
initial body weight was not significant. The effect of ration on the 
creatinine level was not significant (p<0.05) in all readings for the 
periods Cr0, Cr1, Cr2, Cr3, and Cr4. The overall means of creatinine, Cr0, 
Cr1, Cr2, Cr3 and Cr4 for all groups are given in table (7.2). As shows the 
highest creatinine value at Cr4 and amounted to 1.25±0.09 and the lowest 
value was 0.95±0.04 and that reported at Cr2. a difference of 0.075 over a 
period of two months. 
Table 7.3 shows the means and standard error of creatinine over a 
period of two months. The recorded value for Cr4 was 1.44±0.17 for 
ration 3 and 1.14±0.17 for ration 1.  
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Table (7.1): Effect of ration and initial weight on creatinine levels 
(Cr) of sheep fed G. A. (in mesh form) for two months  
Source Trait df 
Mean 
Square 
F Sig. 
Linear regression on 
initial weight 
Cr0 
1 1.976E-04 0.54 0.47 
 Cr1 1 1.112E-02 0.61 0.44 
 Cr2 1 0.10 1.85 0.19 
 Cr3 1 5.858E-03 0.14 0.71 
 Cr4 1 0.20 0.98 0.33 
Ration Cr0 3 3.379E-04 0.93 0.44 
 Cr1 3 1.135E-02 0.63 0.61 
 Cr2 3 2.831E-02 0.52 0.68 
 Cr3  3 7.351E-02 1.79 0.18 
  Cr4  3 0.14 0.60 0.56 
Error Cr0 23 3.641E-04   
 Cr1 23 1.815E-02   
 Cr2 23 5.484E-02   
 Cr3  23 4.099E-02   
 Cr4 23 0.20   
* Cr0, Cr1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
 
 
Table (7.2): Grand Mean of Cr0, Cr1, Cr2, Cr3 and Cr4 
Trait Mean S.E. 
Cr0 1.00 0.00 
Cr1 0.96 0.03 
Cr2 0.95 0.04 
Cr3 1.08 0.04 
Cr4 1.25 0.09 
* Abbreviations as in table 7.1 
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Table (7.3): Means and standard errors of Cr0, Cr1, Cr2, Cr3 and 
Cr4 of sheep fed rations containing different concentrations of G.A. 
(in mesh form).  
Trait Ration Mean S.E. 
Cr0 
1 1.00 0.01 
2 1.00 0.01 
3 1.01 0.01 
4 1.00 0.01 
Cr1 
1 0.93 0.05 
2 0.93 0.05 
3 0.10 0.05 
4 1.00 0.05 
Cr2 
1 0.91 0.09 
2 1.04 0.09 
3 0.92 0.09 
4 0.91 0.09 
Cr3 
1 1.10 0.08 
2 1.22 0.08 
3 0.99 0.08 
4 1.00 0.08 
Cr4 
1 1.14 0.17 
2 1.14 0.17 
3 1.44 0.17 
4 1.28 0.17 
*abbreviations as in table 7.1 
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Fig.(3): Effect of rations containing different concentrations of 
G.A. in mesh form on creatinine of sheep at zero time (Cr0), 
after 2 weeks (Cr1), 4 weeks (Cr2), 6 weeks and after 8 weeks 
(Cr4) 
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3.1.3.3 Serum urea levels 
Table (8): presents the mean of initial serum urea, final urea and 
the average urea levels for the four groups. Statistical analysis for the 
results is shown in tables 8.1, 8.2 and 8.3. 
Table (8): Serum urea levels of sheep fed rations containing different 
concentrations of G.A. (in mesh form) 
Urea level 
Group 
 
Average levels  in 
two months 
Final  Initial  
23.2 46.9 23.7 Group1 (Ration 1, 10% Gum Arabic) 
26.8 49.2 22.4 Group2 (Ration 2, 20% Gum Arabic) 
35.2 56.9 21.7 Group3 (Ration 3, 30% Gum Arabic) 
43.5 66.4 22.9 Group 4 (Ration 4, Zero Gum Arabic) 
 
Table 8.1 presents the analysis of variance for four urea values. For 
all urea values regression on initial weight value was not significant 
(p<0.05).While for the rations–showed a significant (p<0.05) effect on 
Ur3 and Ur4 and highly significant (P<0.01) on Ur1. The overall means of 
Ur1, Ur2, Ur3 and Ur4 for all groups are given in table 8.2 as shown the 
highest mean urea value was Ur3 and amounted to 59.500 mg / 100ml and 
the lowest urea value was 22.536 at Ur0 a difference of 37.00 over a 
period of two months. Also table 8.3 shows the means and standard errors 
of urea values ranging from time o to 4 months. Differences in urea value 
for Ur1 ranged from. 40.15 for ration 1 and 54.86 for ration 4. 
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Table (8.1): Effect of ration and initial weight on urea levels (Ur) of 
sheep fed G. A. for two months (in mesh form)  
Source Trait df 
Mean 
Square 
F Sig. 
Linear regression on initial 
weight 
Ur0 1 25.30 0.76 0.39 
 Ur1 1 0.46 0.01 0.94 
 Ur2 1 31.71 0.42 0.52 
 Ur3 1 6.33 0.15 0.70 
  Ur4 1 9.81 0.05 0.82 
Ration Ur0  3 3.29 0.10 0.96 
 Ur1  3 610.82 6.84 0.00 
 Ur2 3 33.81 0.45 0.72 
 Ur3 3 156.22 3.66 0.03 
 Ur4 3 541.75 2.95 0.05 
Error Ur0 23 33.20   
 Ur1 23 89.26   
 Ur2 23 75.11   
 Ur3  23 42.66   
 Ur4 23 183.70   
   * Ur0, Ur1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
 
Table (8.2): Grand means of Ur0, Ur1, Ur2, Ur3 and Ur4 
Trait Mean S.E. 
Ur0 22.54 1.09 
Ur1 44.64 1.79 
Ur2 44.29 1.64 
Ur3 59.50 1.23 
Ur4 54.86 2.56 
*abbreviations as in table 8.1 
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Table (8.3): Means and standard errors of Ur0, Ur1, Ur2, Ur3 and Ur4 
of sheep fed rations containing different concentrations of G.A. (in 
mesh form)  
Trait Ration Mean S.E. 
Ur0 
1 23.20 2.18 
2 22.45 2.18 
3 21.62 2.18 
4 22.88 2.18 
Ur1 
1 40.15 3.57 
2 34.00 3.57 
3 49.56 3.58 
4 54.86 3.57 
Ur2 
1 45.92 3.28 
2 41.74 3.28 
3 43.18 3.28 
4 46.31 3.28 
Ur3 
1 62.11 2.47 
2 52.42 2.47 
3 61.76 2.47 
4 61.70 2.47 
Ur4 
1 46.89 5.13 
2 49.30 5.12 
3 56.80 5.13 
4 66.44 5.12 
*abbreviations as in table 8.1 
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Fig.(4): Effect of rations containing different concentrations of 
G.A. in mesh form on the urea level of sheep of sheep at zero 
time (Ur0), after 2 weeks (Ur1), 4 weeks (Ur2), 6 weeks and 
after 8 weeks (Ur4) 
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3.1.3.4 Packed cell volume  
Table (9): presents the means of initial packed cell volume, final 
PCV and the average PCV for the four groups. Statistical analysis for the 
result is shown in table 9.1, 9.2 and 9.3  
Table (9): Packed cell volume of sheep fed rations containing 
different concentrations of G.A. (in mesh form) 
PCV (%) 
Group Average value in 
two months 
Final 
value 
Initial 
value 
2.3 26.7 24.4 Group1 (Ration 1, 10% Gum Arabic) 
0.2 26.9 27.1 Group2 (Ration 2, 20% Gum Arabic)  
0.6 24.1 24.7 Group3 (Ration 3, 30% Gum Arabic) 
1.6 23.4 25.0 Group 4 (Ration 4, Zero Gum Arabic) 
 
Table 9.1 presents the analysis of variance for PCV values for all 
traits. For all PCV values the regression on initial body weight was not 
significant (p<0.05). The effect of ration on the PCV level was not 
significant (p<0.05) in all readings for the periods PCV0, PCV1, PCV2, 
PCV3, and PCV4. The overall mean of PCV1, PCV2, PCV3 and PCV4 for 
all groups are given in table 9.2. The highest PCV was PCV4 and 
amounted to25.43 and the lowest was PCV1which is amounted to 
22.11with a difference of 3.32 over a period of two months. Table 9.3 
shows the means and standard errors of PCV at a period of two months. 
Differences in PCV for PCV4 ranged between 23.45±1.44% for ration 4 
and 26.78±1.44 for ration 1. 
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Table (9.1): Effect of ration and initial weight on packed cell volume 
(PCV) of sheep fed G. A. for two months (in mesh form) 
Source Trait df 
Mean 
Square 
F Sig. 
Linear regression on 
initial weight 
PCV0 1 1.54 0.18 0.67 
 PCV1 1 12.96 1.89 0.18 
 PCV2 1 11.49 1.16 0.29 
 PCV3 1 16.12 1.75 0.11 
 PCV4 1 33.95 2.34 0.14 
Ration PCV0 3 11.20 1.34 0.29 
 PCV1 3 2.00 0.29 0.83 
 PCV2 3 17.32 1.75 0.19 
 PCV3 3 22.35 2.43 0.09 
 PCV4 3 13.94 0.96 0.43 
Error PCV0 23 8.38   
 PCV1 23 6.88   
 PCV2 23 9.89   
 PCV3 23 9.20   
 PCV4 23 14.50   
* PCV0, PCV1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
 
Table (9.2): Grand means of PCV0, PCV1, PCV2, PCV3 and PCV4 
Trait Mean S.E. 
PCV 0 25.29 0.55 
PCV 1 22.11 0.50 
PCV 2 23.54 0.60 
PCV 3 24.00 0.57 
PCV 4 25.43 0.72 
*abbreviations as in table 9.1 
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Table (9.3): Means and standard errors of for PCV0, PCV1, PCV2, 
PCV3 and PCV4 for sheep fed rations containing different 
concentrations of G.A. (in mesh form) 
Trait Ration Mean S.E. 
PCV0 
1 24.44 1.10 
2 27.19 1.10 
3 24.55 1.10 
4 25.01 1.09 
PCV1 
1 22.04 0.99 
2 22.87 0.99 
3 21.64 0.99 
4 21.87 0.99 
PCV2 
1 23.18 1.19 
2 25.44 1.19 
3 21.65 1.19 
4 23.87 1.19 
PCV3 
1 24.05 1.15 
2 26.16 1.15 
3 21.78 1.15 
4 24.02 1.15 
PCV4 
1 26.78 1.44 
2 25.88 1.44 
3 25.60 1.44 
4 23.45 1.44 
*abbreviations as in table 9.1 
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Fig.(5): Effect of rations containing different concentrations of 
G.A. in mesh form on the packed cell volume of sheep at zero 
time (PCV0), after 2 weeks (PCV1), 4 weeks (PCV2), 6 weeks 
and after 8 weeks (PCV4) 
0
5
10
15
20
25
30
PCV0 PCV1 PCV2 PCV3 PCV4
Reading time
M
ea
n
 P
C
V
 (
%
)
Ration 1 Ration 2 Ration 3 Ration 4
 
 
 
 
 
 
 
 
95 
 
3.1.4 Bacterial count 
Table (10.1) presents the analysis of variance of bacterial count 
transformed to the logarithmic scale. The count was done on blood agar 
media incubated aerobically and anaerobically and on MacConkey’s agar. 
The effect of ration was significant (p<0.05) on the logarithmic scale of 
bacterial count grown aerobically and close to significance for the 
logarithm of bacterial count on MacConkey’s agar, intervals of time or 
reading time was significant (p<0.05) on the logarithmic scale of aerobic 
bacterial count and on MacConkey’s agar and highly significant 
(p<0.001) in the case of anaerobic bacterial growth. The overall means of 
the bacterial count grown on blood agar media aerobically and 
anaerobically and on MacConkey’s agar are given in table 10.2.The 
highest bacterial count was (8.1x10
9
)for the bacteria grown an aerobically 
and the lowest was (3.7x10
9) for the bacteria grown on MacConkey’s 
agar 
Table 10.3 shows the means and standard errors of bacterial count 
over the experimental period. Differences in bacterial count ranged 
between 1.8x1010for ration 3 and 1.8x109 for ration 4. 
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Table (10): Faecal bacterial counts of sheep fed rations containing 
G.A in mesh form transformed to the logarithmic scale  
Source Trait df Mean Square F Sig. 
Ration 
Log BA aerobic 3 1.18 3.76 0.04 
Log BA anaerobic 3 0.27 1.26 0.33 
Log Mac Agar 3 3.22 3.16 0.06 
Reading week 
Log BA aerobic 4 1.46 4.64 0.02 
Log BA anaerobic 4 2.08 9.69 0.00 
Log Mac Agar 4 4.16 4.07 0.03 
Error 
Log BA aerobic 12 0.32   
Log BA anaerobic 12 0.21   
Log MC Agar 12 1.02   
*BA=blood agar; MC= MacConkey  
 
Table (10.1): Grand means of bacterial counts 
Trait Mean S.E. 
Bacterial count on B.A. aerobic 8.1 x 10
9 
3.1 x10
9 
Bacterial count on B.A. anaerobic 4.7 x 10
9 
8.3 x 10
8 
Bacterial count on MC agar 3.7 x 10
8 
1.5 x 10
8 
*BA=blood agar; MC= MacConkey  
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Table (10.2): Means and standard errors of bacterial count (for the 
Ration composition)  
Dependent Variable Ration Mean Std. Error 
Bacterial count on 
B.A. aerobically 
1 2.5x10
9
 6.2x10
9
 
2 1.0x10
10
 6.2x10
9
 
3 1.8x10
10
 6.2x10
9
 
4 1.8x10
9
 6.2x10
9
 
Bacterial count on 
B.A. anaerobically 
1 5.9x10
9
 1.7x10
9
 
2 6.5x10
9
 1.7x10
9
 
3 4.9x10
9
 1.7x10
9
 
4 1.6x10
9
 1.7x10
9
 
Bacterial count on 
MacConkey’s agar 
1 2.4x10
8
 3.0x10
8
 
2 8.0x10
8
 3.0x10
8
 
3 3.7x10
8
 3.0x10
8
 
4 6.3x10
7
 3.0x10
8
 
*BA=blood agar; MC= MacConkey  
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Table (10.3): Means and standard errors of bacterial count (for 
reading weeks)  
Dependent Variable Reading week  Mean  Std. Error 
 
Bacterial count on B.A. 
aerobically 
 
0 1.6x10
10
 7x10
9
 
2 2.4x10
9
 7x10
9
 
4 9.7x10
9
 7x10
9
 
6 5.2x10
8
 7x10
9
 
8 1.2x10
10
 7x10
9
 
Bacterial count on B.A. 
anaerobically 
0 3.5x10
8
 1.9x10
9
 
2 4.810
9
 1.9x10
9
 
4 1.1x10
10
 1.9x10
9
 
6 6.1x10
8
 1.9x10
9
 
8 6.8x10
9
 1.9x10
9
 
Bacterial count on MC 
agar 
0 1.5x10
7
 3.3x10
8
 
2 2.210
8
 3.3x10
8
 
4 5.0x10
8
 3.3x10
8
 
6 4.8x10
7
 3.3x10
8
 
8 11x10
9
 3.3x10
8
 
*BA=blood agar; MC= MacConkey  
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Fig. (6): Effect of rations containing different concentrations of G.A. in 
mesh form on the faecal bacterial count (on B.A. aerobically) of sheep 
Fig. (8): Effect of rations containing different concentrations of G.A. in 
mesh form on the faecal bacterial count (on MacConkey agar) of sheep 
Fig. (7): Effect of rations containing different concentrations of G.A. in 
mesh form on the faecal bacterial count (on B.A. anaerobically) of sheep 
Ration 
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3.2 Experiment 2  
3.2.1 Sheep 
This part was designed to study the effect of G.A. on some blood 
and serum parameters in the experimental animals groups 1, 2, 3 and 4, in 
addition to its effects on faecal bacteria as well as on the chemical 
composition of meat for all groups. 
3.2.1.1 Feed intake 
There were no differences in feed intake in this experiment 
between different groups 1, 2, 3 and 4.Avarege feed intake was 
1kg/day/animal. 
3.2.1.2 Body weight 
Table (11): presents the mean of initial body weights, final weights 
and the average weight gains for the four groups. The statistical analysis 
for the result is given in table 11.1, 11.2 and 11.3 
Table 11: Body weights of sheep fed rations containing different 
concentrations of G.A. (in pellet form) 
Body weight /kg                            
Group and ration Average gain 
in two months 
Final Initial 
7.4 24.0 16.6 Group1(Ration 1, 5% Gum Arabic) 
6.4 23.5 17.1 Group2(Ration 2, 10% Gum Arabic) 
6.0 23.1 17.1 Group3(Ration 3 20% Gum Arabic) 
7.5 23.9 16.4 Group 4(Ration 4, Zero Gum Arabic) 
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Table 11.1 presents the analysis of variance of weight traits. For all 
weights the regression on the initial body weight was highly significant 
(p<0.01) except for wt2 which was not significant. The effect of ration 
was significant (p<0.05) for wt4 (p<0.05) and close to significance for 
wt3. The overall means of body wt1, wt2, wt3 and wt4 are given in table 
11.2. The highest body weight was at wt2 and amounted to 25.58kg and 
the lowest was body wt1 which amounted to17.69kg, a difference of 
7.89kg over a two months period. 
Table 11.3 shows the means and standard errors of the four rations 
over the experimental period. Differences in body weight for wt2 ranged 
between 42.50kg for ration 2 and 18.44 kg for ration 3. 
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Table (11.1): Effect of ration and initial weight on the body weight 
(Wt) of sheep fed G. A. for two months (in pellet form) 
Source Trait df Mean 
Square 
F Sig. 
Linear regression on 
initial weight 
Wt1 1 166.73 117.495 0.00 
 Wt2 1 2893.10 2.08 0.16 
 Wt3 1 293.88 99.07 0.00 
 Wt4 1 284.62 79.34 0.00 
Ration Wt1 3 3.48 2.45 0.08 
 Wt2 3 1151.96 0.83 0.49 
 Wt3 3 8.19 2.76 0.06 
 Wt4 3 12.08 3.37 0.03 
Error Wt1 31 1.419   
 Wt2 31 1391.21   
 Wt3 31 2.97   
 Wt4 31 3.59   
* Wt 0, Wt 1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
 
Table (11.2): Grand mean of Wt1, Wt2, Wt3 and Wt4 
Trait Mean S. E. 
WT1 17.69 0.20 
WT2 25.58 6.22 
WT3 20.85 0.29 
WT4 23.36  0.32 
* Abbreviations as in table 11.1 
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Table (11.3): Means and standard errors of Wt1, Wt2, Wt3 and Wt4 
for sheep fed rations containing different concentrations of G.A. (in 
pellet form) 
Trait Ration Mean S. E. 
Wt1 
1 18.63 0.40 
2 17.41 0.40 
3 17.41 0.40 
4 17.33 0.40 
Wt2 
1 20.20 12.44 
2 42.50 12.46 
3 18.44 12.46 
4 21.20 12.47 
Wt3 
1 21.58 0.58 
2 19.72 0.58 
3 20.38 0.58 
4 21.71 0.58 
Wt4 
1 24.29 0.63 
2 22.00 0.63 
3 22.78 0.63 
4 24.37 0.63 
* Abbreviations as in table 11.1 
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Fig. (9): Effect of rations containing different concentrations of 
G.A. in pellet form on the body weights of sheep after 2 weeks 
(Wt1), 4weeks (Wt1), 6 weeks and after 8 weeks (Wt4) 
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3.2.1.3 Blood and serum parameters  
3.2.1.3.1 Haemoglobin concentration 
Table (12): presents the mean of initial haemoglobin, final haemoglobin 
and the average haemoglobin gains for the four groups. The statistical 
analysis for the result is given in tables 12.1, 12.2 and 12.3  
Table (12): Haemoglobin concentration of sheep fed rations 
containing different concentrations of G.A. (in pellet form) 
Haemoglobin conc, (g/dl) 
Group and ration Average conc. in 
two months 
Final Initial 
0.1 9.7 9.6 Group1(Ration 1, 5% Gum Arabic) 
0.2 9.7 9.5 Group2 (Ration 2, 10% Gum Arabic) 
0.0 8.8 8.8 Group3 (Ration 3, 20% Gum Arabic) 
0.2 9.0 8.8 Group 4 (Ration 4, Zero Gum Arabic) 
 
Table 12.1 presents the analysis of variance for haemoglobin 
values at 0, 1, 2, 3 and 4 months. For all haemoglobin values the 
regression on initial weight was not significant (p<0.05).The effect of 
ration on the haemoglobin level was not significant (p<0.05) in all 
readings for the periods Hb0, Hb1, Hb2, Hb3, and Hb4.The overall means 
and standard errors of haemoglobin Hb0, Hb1, Hb2, Hb3 and Hb4 for all 
tested groups are given in table 12.2 The results show that the highest 
Haemoglobin mean value was 9.33±0.37g/100ml and the lowest 
Haemoglobin mean value was 8.14±0.25g/100ml, a difference of 2.19g/ 
100ml over a period of 2 months. Table 12.3 shows the means and 
standard errors of haemoglobin under different ration treatments. The 
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level of haemoglobin ranged between 9.50 g/100ml for Hb4 under ration 
1 to 8.67g/100ml for ration 2. 
Table (12.1): Effect of ration and initial weight on haemoglobin 
concentration (Hb) of sheep fed G. A. (in pellet form) for two months 
Source Trait df 
Mean 
Square 
F Sig. 
Regression on initial 
weight WT_0 
Hb0 
1 3.41 0.71 0.41 
 Hb1 1 3.61 2.79 0.11 
 Hb2 1 2.666E-02 0.03 0.87 
 Hb3 1 2.381E-03 0.00 0.97 
 Hb4 1 5.086E-03 0.00 0.95 
Ration Hb0 3 6.39 1.33 0.28 
 Hb1 3 1.21 0.93 0.44 
 Hb2 3 2.62 2.53 0.08 
 Hb3 3 1.00 0.44 0.73 
 Hb4 3 1.58 1.20 0.33 
Error Hb0 31 4.79   
 Hb1 31 1.29   
 Hb2 31 1.04   
 Hb3 31 2.28   
 Hb4 31 1.31   
* Hb0, Hb1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
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Table (12.2): Grand means of Hb0, Hb1, Hb2, Hb3 and Hb4 
* Abbreviations as in table 12.1 
Table (12.3): Means and standard errors of Hb0, Hb1, Hb2, Hb3 and 
Hb4 of sheep fed rations containing different concentrations of G.A. 
(in pellet form) 
Trait Ration Mean S.E. 
Hb0 
1 9.14 0.73 
2 10.58 0.73 
3 8.74 0.73 
4 8.88 0.73 
Hb1 
1 8.42 0.38 
2 8.52 0.38 
3 9.02 0.38 
4 9.16 0.38 
Hb2 
1 9.45 0.34 
2 8.61 0.34 
3 8.28 0.34 
4 8.34 0.34 
Hb3 
1 8.11 0.51 
2 8.61 0.51 
3 8.00 0.51 
4 7.84 0.51 
Hb4 
1 9.50 0.38 
2 8.67 0.38 
3 8.84 0.38 
4 9.44 0.38 
* Abbreviations as in table 5.1 
 
Trait Mean S. E. 
Hb0 9.33 0.37 
Hb1 8.78 0.19 
Hb2 8.67 0.17 
Hb3 8.14 0.25 
Hb4 9.11 0.19 
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Fig. (10): Effect of rations containing different concentrations 
of G.A. in pellet form on the haemoglobin conc. of sheep at zero 
time (Hb0), after 2 weeks (Hb1), 4 weeks (Hb2), 6 weeks and 
after 8 weeks (Hb4) 
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3.2.1.3.2 Serum creatinine levels 
 Table (13): presents the man of initial creatinine, final creatinine and 
the average creatinine gains for the four groups. The statistical analysis 
for the result is given in table13.1, 13.2 and 13.3 
Table (13): Creatinine levels of sheep fed rations containing different 
concentrations of G.A. (in pellet form) 
Creatinine level mg (dl) 
Group and ration Average of level 
in two months 
Final Initial 
0.6 0.5 1.1 Group1(Ration 1, 5% Gum Arabic) 
0.6 0.5 1.1 Group2(Ration 2, 10% Gum Arabic)  
0.6 0.5 1.1 Group3(Ration 3, 20% Gum Arabic) 
0.6 0.5 1.1 Group 4(Ration 4, Zero Gum Arabic) 
 
Table 13.1 represents the analysis of variance of five creatinine 
values. For all creatinine values the regression on initial body weight was 
not significant (p<0.05). The effect of ration on the creatinine level was 
not significant (p<0.05) in all readings for the periods Cr0, Cr1, Cr2, Cr3, 
and Cr4. The overall means of creatinine, Cr0, Cr1, Cr2, Cr3 and Cr4 for 
across all rations are given in table (13.2). As the table shows the highest 
creatinine value at Cr0 amounted to 1.04±0.04 and the lowest value was 
0.50±0.00 reported for both Cr3 and Cr4, a difference of 0.075 over a 
period of two months.      
Table 13.3 shows the means and standard errors of creatinine for 
the different rations over a period of two months. The recorded value for 
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Cr0 was 1.07±0.69 for ration 1 and ration 2 and 1.02±0.69 for ration 3 and 
ration 4.  
Table (13.1): Effect of ration and initial weight on creatinine levels 
 (Cr) of sheep fed G. A. (in pellet form) for two months  
Source Trait df Mean Square F Sig. 
Regression on initial weight  
WT_0 
Cr0 
1 8.388E-03 0.19 0.66 
 Cr1 1 7.847E-03 0.14 0.71 
 Cr2 1 1.201E-02 0.26 0.61 
 Cr3 1 0.00 . . 
 Cr4 1 0.00 . . 
Ration Cr0 3 6.100E-03 0.14 0.94 
 Cr1 3 6.553E-02 1.15 0.35 
 Cr2 3 1.698E-02 0.37 0.77 
 Cr3 3 0.00 . . 
 Cr4 3 0.00 . . 
Error Cr0 31 4.331E-02   
 Cr1 31 5.709E-02   
 Cr2 31 4.571E-02   
 Cr3 31 0.00   
 Cr4 31 0.00   
* Cr0, Cr11, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
Table (13.2): Grand means of Cr0, Cr1, Cr2, Cr3 and C4 
Trait Mean S. E. 
Cr0 1.04 0.04 
Cr1 0.86 0.04 
Cr2 0.62 0.04 
Cr3 0.50 0.00 
Cr4 0.50 0.00 
*Abbreviations as in table 13.1 
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Table (13.3): Means and standard errors of Cr0, Cr1, Cr2, Cr3 and 
C4 of sheep fed rations containing different concentrations of G.A. 
(in pellet form) 
Trait Ration Mean S. E. 
Cr0 
1 1.07 0.07 
2 1.07 0.07 
3 1.02 0.07 
4 1.02 0.07 
Cr1 
1 0.80 0.08 
2 0.85 0.08 
3 0.98 0.08 
4 0.80 0.08 
Cr2 
1 0.56 0.07 
2 0.64 0.07 
3 0.64 0.07 
4 0.65 0.07 
Cr3 
1 0.50 0.00 
2 0.50 0.00 
3 0.50 0.00 
4 0.50 0.00 
Cr4 
1 0.50 0.00 
2 0.50 0.00 
3 0.50 0.00 
4 0.50 0.00 
*Abbreviations as in table 13.1. 
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Fig. (11): Effect of rations containing different concentrations 
of G.A. in pellet form on the creatinine of sheep at zero time 
(Cr0), after 2 weeks (Cr1), 4 weeks (Cr2), 6 weeks and after 8 
weeks (Cr4) 
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3.2.1.3.3 Serum urea levels 
Table (14): presents the mean of initial urea, final urea and the 
average urea value for the four groups. Statistical analysis for results is 
shown in table14.1, 14.2 and 14.3. 
Table (14): Serum urea levels of sheep fed rations containing 
different concentrations of G.A. (in pellet form) 
Urea level g/ dl 
Group  Average levels in 
two months 
Final Initial 
23.2 54.1 23.8 Group1 (Ration 1, 5% Gum Arabic) 
26.8 48.6 23.6 Group2 (Ration 2, 10% Gum Arabic)  
35.2 49.7 31.7 Group3 (Ration 3, 20% Gum Arabic) 
33.5 53.7 20.2 Group 4 (Ration 4, Zero Gum Arabic) 
 
Table 14.1 presents the analysis of variance for five urea values. 
For all urea values regression on initial weight value was not significant 
(P>0.05).The rations showed no significant effect (P>0.05) effect on 
blood urea. The overall means of Ur0, Ur1, Ur2, Ur3 and Ur4 for all groups 
are given in table 14.2. As shown in the table the highest mean urea value 
was obtained at Ur3 and amounted to 84.56 mg/ 100ml and the lowest 
urea value was 22.536 at Ur0 a difference of 24.81 over a period of two 
months. Also table 14.3 shows the means and standard errors of blood 
urea values over a period ranging from time 0 to 2 months. The difference 
in urea value for Ur3 ranged from 95.20±6.33 for ration 2 to 74.20±6.33 
for ration 3. 
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Table (14.1): Effect of ration and initial weight on urea levels (Ur) of 
sheep fed G. A. for 2 months (in pellet form) 
Source Trait df Mean Square F Sig. 
Regression on initial weight Ur0 1 87.92 0.61 0.44 
 Ur1 1 1.81 0.03 0.88 
 Ur2 1 317.10 1.36 0.25 
 Ur3 1 18.76 0.05 0.82 
 Ur4 1 428.85 1.58 0.22 
Ration Ur0 3 224.35 1.57 0.22 
 Ur1 3 49.31 0.69 0.56 
 Ur2 3 183.31 0.79 0.51 
 Ur 3 3 764.66 2.13 0.12 
 Ur4 3 49.01 0.18 0.91 
Error Ur0 31 143.34   
 Ur1 31 71.35   
 Ur2 31 232.78   
 Ur3 31  359.19   
 Ur4 31 271.56   
* Ur0, Ur1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
 
Table (14. 2): Grand means of Ur0, Ur1, Ur 2, Ur3 and Ur4    
Trait Mean S. E. 
Ur0 24.81 1.10 
Ur1 48.86 1.41 
Ur2 72.64 2.54 
Ur3 84.56 3.16 
Ur4 51.50 2.75 
*Abbreviations as in table 14.1 
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Table (14. 3): Means and standard errors of Ur0, Ur1, Ur 2, Ur3 and 
Ur4 of sheep fed rations containing different concentrations of G.A. 
(in pellet form) 
Trait Ration Mean S. E. 
Ur0 
1 23.65 3.99 
2 23.74 4.00 
3 31.85 4.00 
4 19.99 4.00 
Ur1 
1 45.98 2.82 
2 49.69 2.82 
3 48.25 2.82 
4 51.52 2.82 
Ur2 
1 69.36 5.09 
2 68.98 5.10 
3 73.54 5.10 
4 78.67 5.10 
Ur3 
1 80.27 6.32 
2 95.20 6.33 
3 74.20 6.33 
4 88.56 6.34 
Ur4 
1 53.82 5.50 
2 48.96 5.50 
3 50.08 5.50 
4 53.14 5.51 
*Abbreviations as in table 14.1 
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Fig (12): Effect of rations containing different concentrations 
of G.A. in pellet form on the urea level of sheep of sheep at zero 
time (Ur0), after 2 weeks (Ur1), 4 weeks (Ur2), 6 weeks and 
after 8 weeks (Ur4) 
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3.2.1.3.4 Packed cell volume 
Table (15): presents the mean of initial packed cell volume value, 
final PCV value and the average PCV for the four groups. The statistical 
analysis for the result is given in table 15.1, 15.2 and 15.3 
Table (15): Packed cell volume of sheep fed rations containing 
different concentrations of G.A. (in pellet form) 
  
PCV (%) 
Group  Average in two 
months 
Final  Initial  
2.3 27.2 27.2 Group1(Ration 1, 5% Gum Arabic) 
0.6 28.7 29.3 Group2(Ration 2, 10% Gum Arabic)  
4.1 25.8 29.9 Group3(Ration 3, 20% Gum Arabic) 
4.2 25.6 29.8 Group 4(Ration 4, Zero Gum Arabic) 
 
Table 15.1 presents the analysis of variance for PCV for 
measurements made at different times. For all PCV the regression on 
initial body weight was not significant. The effect of ration on the PCV 
level was significant (P<0.01) in the measurement PCV2. The overall 
means of PCV1, PCV2, PCV3 and PCV4 for all groups are given in table 
15.2. The highest PCV was PCV0 and amounted to 28.19 and the lowest 
was PCV1 which amounted to 24.67 a difference of 3.32 over a period of 
two months. Table 15.3 shows the means and standard errors of PCV at a 
period of two months. Differences in PCV for PCV2 ranged between 
28.0±1.59% for ration 1 and 21.77±1.59 for ration 4. 
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Table (15.1): Effect of ration and initial weight on packed cell volume 
(PCV) of sheep fed G. A. (in pellet form) for two months  
Source Trait df Mean Square F Sig. 
Regression on initial 
weight WT_0 
PCV0 
1 17.61 0.39 0.54 
 PCV1 1 0.50 0.03 0.87 
 PCV2 1 17.08 0.76 0.39 
 PCV3 1 10.66 0.49 0.49 
 PCV4 1 4.14 0.24 0.63 
Ration PCV0 3 54.79 1.22 0.32 
 PCV1 3 3.20 0.17 0.91 
 PCV2 3 71.08 3.14 0.04 
 PCV3 3 8.60 0.40 0.76 
 PCV4 3 6.05 0.35 0.79 
Error PCV0 31 44.97   
 PCV1 31 18.57   
 PCV2 31 22.63   
 PCV3 31 21.58   
 PCV4 31 17.54   
* PCV0, PCV1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
 
Table (15.2): Grand means of PCV0, PCV1, PCV2, PCV3 and PCV4 
Trait Mean S. E. 
PCV0 28.19 1.12 
PCV1 24.69 0.72 
PCV2 24.67 0.80 
PCV3 26.75 0.77 
PCV4 25.97 0.70 
*Abbreviations as in table15.1 
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Table (15.3): Means and standard errors of PCV0, PCV1, PCV2, 
PCV3 and PCV4 of sheep fed rations containing different 
concentrations of G.A. (in pellet form) 
Trait Ration Mean S.E. 
PCV0 
1 24.62 2.24 
2 28.58 2.24 
3 30.14 2.24 
4 29.44 2.24 
PCV1 
1 24.79 1.44 
2 23.99 1.44 
3 25.43 1.44 
4 24.57 1.44 
PCV2 
1 28.50 1.59 
2 24.47 1.59 
3 23.92 1.59 
4 21.77 1.59 
PCV3 
1 27.16 1.55 
2 27.49 1.55 
3 27.05 1.55 
4 25.31 1.55 
PCV4 
1 27.19 1.40 
2 25.71 1.40 
3 25.49 1.40 
4 25.50 1.40 
*Abbreviations as in table 15.1 
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Fig. (13): Effect of rations containing different concentrations 
of G.A. in pellet form on the packed cell volume of sheep of 
sheep at zero time (PCV0), after 2 weeks (PCV1), 4 weeks 
(PCV2), 6 weeks and after 8 weeks (PCV4) 
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3.2.1.4 Bacterial count 
Table (16.1) presents the analysis of variance of bacterial count 
transformed to the logarithmic scale. The count was done on blood agar 
media incubated aerobically and anaerobically and on MacConkey’s agar. 
The effect of ration was significant (p<0.05) on the logarithm of bacterial 
count grown anaerobically and was highly significant (p<0.01) for the log 
of bacterial count on MacConkey’s agar. The effect of intervals of 
reading times was significant in the aerobic bacterial count logarithm. 
The overall means of bacterial count grown on blood agar media 
aerobically and anaerobically and on MacConkey’s agar are given in 
table 16.2. The highest bacterial count was (9.6x10
8
) for the bacteria grown 
an aerobically and the lowest was (7.0x10
8
) for the bacteria count grown on 
MacConkey’s agar 
Table 16.3 shows the means and standard errors over the 
experimental period. Differences in bacterial count anaerobically ranged 
between 8.0x108 for ration 1 and 7.51 for ration 4. 
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Table (16): Faecal bacterial counts of sheep fed pellet rations 
containing G.A. (transformed to the logarithmic scale) 
 Source Trait df Mean Square F Sig. 
Ration Log_aerobic 3 0.86 1.23 0.31 
 Log_anaerobic 3 1.21 2.72 0.05 
 Log_MacConkey 3 3.52 7.53 0.00 
Reading time Log_aerobic 4 1.99 2.84 0.03 
 Log_anaerobic 4 0.60 1.36 0.26 
 Log_MacConkey 4 1.01 2.16 0.08 
Ration* Reading 
time 
Log_aerobic 12 0.46 0.66 0.78 
 Log_anaerobic 12 0.60 1.36 0.21 
 Log_MacConkey 12 0.66 1.41 0.18 
Error Log_aerobic 65 0.70   
 Log_anaerobic 65 0.44   
 Log_MacConkey 65 0.47   
 
 
 
Table (16.1): Grand means of bacterial count mentioned in table 
(16.1) 
Trait Mean S.E. 
Bacterial count on 
B.A. aerobically 
9.6x108 2.2x108 
Bacterial count on 
B.A.anaerobically 
5.7x108 1.1x108 
Bacterial count on 
MC 
5.9x107 1.5x107 
*BA=blood agar; MC= MacConkey  
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Table (16.2): Means and standard errors of faecal bacterial count 
mentioned in table 16.1 (ration) 
Dependent Variable Ration Mean S. E. 
Bacterial count on 
B.A. aerobically 
 
1 1.3x10
9
 4.1x10
8
 
2 1.1x10
9
 4.6x10
8
 
3 7.0x10
8
 4.6x10
8
 
4 6.8x10
8
 4.6x10
8
 
Bacterial count on 
B.A.anaerobically 
 
1 8.0x10
8
 2.0x10
8
 
2 3.6x10
8
 2.2x10
8
 
3 8.6x10
8
 2.2x10
8
 
4 2.6x10
8
 2.2x10
8
 
Bacterial count on  
MC agar 
1 1.1x10
8
 2.8x10
7
 
2 1.2x10
7
 3.1x10
7
 
3 7.7x10
7
 3.1x10
7
 
4 3.4x10
7
 3.1x10
7
 
*BA=blood agar; MC= MacConkey  
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Table (16.3): Means and standard errors for faecal bacterial count 
mentioned in table 16.1 (Reading weeks) 
Dependent Variable Reading week  Means  S.E. 
Bِacterial count on 
B.A. aerobically 
0 1.8x10
9
 5.0x10
8
 
2 5.8x10
8
 5.0x10
8
 
4 2.2x10
8
 5.0x10
8
 
6 1.3x10
9
 5.0x10
8
 
8 8.4x10
8
 5.0x10
8
 
Bacterial count on 
B.A. anaerobically 
0 1.9x10
8
 2.4x10
8
 
2 9.1x10
8
 2.4x10
8
 
4 5.4x10
8
 2.4x10
8
 
6 7.5x10
8
 2.4x10
8
 
8 4.5x10
8
 2.4x10
8
 
Bacterial count on 
MC  
0 1.3x10
8
 3.4x10
7
 
2 4.5x10
7
 3.4x10
7
 
4 5.5x10
7
 3.4x10
7
 
6 2.6x10
7
 3.4x10
7
 
8 4.0x10
7
 3.4x10
7
 
*BA=blood agar; MC= MacConkey  
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Fig. (14): Effect of rations containing different concentrations of G.A. in 
pellet form on the faecal bacterial count (on B.A. aerobically) of sheep 
 
Fig. (15): Effect of rations containing different concentrations of G.A. in 
pellet form on the faecal bacterial count (on B.A. anaerobically) of sheep 
 
Fig. (16): Effect of rations containing different concentrations of G.A. in 
pellet form on the faecal bacterial count (on MacConkey agar) of sheep    
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3.2.2 Goats 
3.2.2.1 Body weight 
Table (17): presents the mean of initial body weights, final weights 
and the average weight gains for the two groups. The statistical analysis 
for the result is given in table 17.1, 17.2 and 17.3 
Table (17): Body weights of goats fed rations containing G.A (in 
pellet form) 
body  weight 
Group and ration Average gain in two 
months 
Final Initial 
6.1 15.1 9.9 Group1 (Ration 1, 10% Gum Arabic) 
4.3 14.3 10.0 Group2 (Ration 2, Zero Gum Arabic) 
 
Table 17.1 presents the analysis of variance of weight traits. For all 
weights the regression on the initial body weight was highly significant 
(p<0.01). The effect of ration was not significant (p<0.05) for all weights. 
The overall means of body wt1,wt2, wt3 and wt4 are given in table 
17.2.The highest body weight wt4 and amounted to 14.69kg and the 
lowest was body wt1and amounted to11.09kg a difference of 3.60kg over 
two months. 
Table 17.3 shows the means and standard errors over the 
experimental period. Differences in body weight for wt4 ranged between 
15.10kg for ration 1 and 14.28 kg for ration 3.   
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Table (17.1): Effect of ration and initial weight on the body weight 
(Wt) of goats fed G. A. for two months (in pellet form) 
Source Trait df Mean Square F Sig. 
WT_0 Wt1 1 34.40 72.14     0.00 
 Wt2 1 28.84 18.63 0.00 
 Wt3 1 32.61 19.48 0.00 
 Wt4 1 34.92 14.76     0.00  
Ration Wt1 1 7.587E-02 00.16     0.70  
 Wt2 1 1.59 1.030 0.33 
 Wt3 1 0.16 0.09 0.76 
 Wt4 1 2.73 1.15 0.30 
Error Wt1 13 0.48   
 Wt2 13 1.55   
 Wt3 13 1.67   
 Wt4 13 2.37   
* Wt 0, Wt 1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
 
Table (17.2): Grand means of Wt1, Wt2, Wt3 and Wt4 
Trait Mean S.E. 
Wt1 11.09 0.17 
Wt2 13.03 0.31 
Wt3 14.06 0.32 
Wt4 14.69 0.39 
* Abbreviations as in table 17.1 
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Table (17.3): Means and standard errors of Wt1, Wt2, Wt3 and Wt4 of 
goats fed ration containing G.A. (in pellet form) 
* Abbreviations as in table 17.1 
 
3.2.2 2 Blood and serum parameters 
3.2.2.2.1 Haemoglobin concentration  
Table (18): presents the mean of initial haemoglobin, final 
haemoglobin and the average haemoglobin gains for the two groups. The 
statistical analysis for the result is given in table 18.1, 18.2 and 18.3  
Table (18): Haemoglobin concentration of goats fed ration containing 
G.A. (in pellet form)  
Haemoglobin concentration 
Group Average in two 
months 
Final Initial 
0.6 9.0 8.4 Group1 (Ration 1, 10% Gum Arabic) 
-- 8.7 8.7 Group2 (Ration 2, Zero Gum Arabic) 
 
Table 18.1 presents the analysis of variance for haemoglobin 
values at 0, 1, 2, 3 and 4 months. The regression on initial weight was 
significant (p<0.05) in Hb0. The effect of ration on the haemoglubin level 
was not significant (p<0.05)  in all readings for the periods 
Trait Ration Mean S.E. 
Wt1 
1 11.16 0.24 
2 11.03 0.24 
Wt2 
1 13.35 0.44 
2 12.72 0.44 
Wt3 
1 14.16 0.46 
2 13.96 0.46 
Wt4 
1 15.10 0.54 
2 14.28 0.54 
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Hb0,Hb1,Hb2,Hb3,and Hb4 but was close to significant (p<0.05)   in 
Hb2.The overall means of haemoglobin Hb0 , Hb1, Hb2, Hb3and Hb4 for 
all tested groups are given in table 18.2. The result shows that the highest 
Haemoglobin mean value was 8.81±0.22g/100ml and the lowest 
Haemoglobin mean value is 7.94±0.32g/100ml, a difference of 0.87g/ 
100ml over a period of 2 months. Table 16.3 shows the means and 
standard errors of ration against haemoglobin ranging form Reading Hb0 
to Hb4.Difference in Hb4 ranged between 8.93 g/100ml for Ration 1 and 
8.69g/100ml for Ration 2. 
Table (18.1): Effect of ration and initial weight on haemoglobin conc. 
(Hb) of goats fed G. A. (in pellet form) for two months  
Source Trait df Mean Square F Sig. 
Wt_0 Hb0 1 9.57 9.03 0.01 
 Hb1 1 1.28 1.73 0.21 
 Hb2 1 2.12 3.75 0.08 
 Hb3 1 1.61 0.99 0.34 
 Hb4 1 0.27 0.35 0.56 
Ration Hb0 1 0.50 0.47 0.51 
 Hb1 1 0.52 0.70 0.42 
 Hb2 1 2.52 4.46 0.06 
 Hb3 1 0.51 0.31 0.58 
 Hb4 1 0.24 0.31 0.59 
Error Hb0 13 1.06   
 Hb1 13 0.74   
 Hb2 13 0.57   
 Hb3 13 1.64   
 Hb4 13 0.76   
* Hb 0, Hb 1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
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Table (18.2): Grand means of Hb0, Hb1, Hb2, Hb3 and Hb4  
Trait Mean S.E. 
Hb0 8.53 .260 
Hb1 8.31 .220 
Hb2 8.41 .190 
Hb3 7.94 .320 
Hb4 8.81 .220 
* Abbreviations as in table 18.1 
 
 
Table (18.3): Means and standard errors of Hb0, Hb1, Hb2, Hb3 and 
Hb4 of goats fed ration containing G.A. (in pellet form) 
Trait Ration Mean S.E. 
Hb0 
1 8.36 0.36 
2 8.71 0.36 
Hb1 
1 8.49 0.30 
2 8.13 0.30 
Hb2 
1 8.80 0.27 
2 8.01 0.27 
Hb3 
1 8.12 0.45 
2 7.76 0.45 
Hb4 
1 8.93 0.31 
2 8.69 0.31 
* Abbreviations as in table 18.1 
 
3.2.2.2.2 Serum creatinine levels 
Table (19) presents the man of initial creatinine, final creatinine 
and the average creatinine level for the two groups. Statistical analysis of 
the results is shown in tables19.1, 19.2 and 19.3 
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Table (19): Serum creatinine levels of goats fed ration containing 
G.A. (in pellet form) 
Creatinine levels (mg/dl) 
Group Average in two 
months 
Final  Initial  
0.5 0.5 1 Group1 (Ration 1, 10% Gum Arabic) 
0.5 0.5 1 Group2 (Ration 2, Zero Gum Arabic)  
 
Table 19.1 represents the analysis of variance of five creatinine 
values. For all creatinine values the regression on initial body weight was 
not significant (p<0.05).The effect of ration on the creatinine level was 
not significant (p<0.05) in all readings for the periods Cr0,Cr1,Cr2,Cr3,and 
Cr4. The overall means of creatinine, Cr0, Cr1, Cr2, Cr3 and Cr4 for all 
groups are given in table 19.2.as shows the highest creatinine value at Cr0 
amounted to 0.98±0.05 and the lowest value was 0.50±0.00 for Cr4, a 
difference of 0.48 over a period of two months. 
Table 19.3 shows the means and standard error of creatinine over a 
period of two months. The recorded value for Cr0 was 1.00±0.08 for 
ration and 0.95±0.08 for ration 2.  
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Table (19.1): Effect of ration and initial weight on creatinine levels 
(Cr) of goats fed G. A. (in pellet form) for two months  
Source Trait df Mean Square F Sig. 
Wt_0 Cr0 1 2.066E-02 .450 .520 
 Cr1 1 4.453E-03 .110 .750 
 Cr2 1 4.484E-02 1.48 .250 
 Cr3 1 2.017E-03 .120 0.73 
 Cr4 1 .0000 . . 
Ration Cr0 1 1.074E-02 .230 .640 
 Cr1 1 9.654E-03 .230 .640 
 Cr2 1 2.952E-05 .000 0.98 
 Cr3 1 1.533E-02 .920 .360 
 Cr4 1 .0000 . . 
Error Cr0 13 4.610E-02   
 Cr1 13 4.120E-02   
 Cr2 13 3.020E-02   
 Cr3 13 1.667E-02   
 Cr4 13 .0000   
* Cr0, Cr1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
 
Table (19.2): Grand means of Cr0, Cr1, Cr2, Cr3 and Cr4 
* Abbreviations as in table 19.1 
 
 
 
 
 
 
 
Trait Mean S.E. 
Cr0 0.98 0.05 
Cr1 0.68 0.05 
Cr2 0.56 0.04 
Cr3 0.53 0.03 
Cr4 0.50 0.0 
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Table (19.3): Means and standard errors of Cr0,Cr1,Cr2,Cr3 and Cr4 
of goats fed ration containing G.A. (in pellet form) 
Trait Ration Mean S.E. 
Cr0 
1 1.00 0.08 
2 0.95 0.08 
Cr1 
1 0.65 0.07 
2 0.70    0.07 
Cr2 
1 0.56 0.06 
2 0.56 0.06 
Cr3 
1 0.56 0.05 
2 0.50 0.05 
Cr4 
1 0.50 0.00 
2 0.50 0.00 
* Abbreviations as in table 5.1 
 
3.2.2.2.3 Serum urea levels 
Table (20): presents the man of initial urea, final urea and the 
average urea value for the four groups. The statistical analysis for the 
result is given in table 20.1, 20.2 and 20.3  
Table (20): Serum urea levels of goats fed ration containing G.A. (in 
pellet form) for two months  
Serum urea level 
Group and ration Average in two 
months 
Final  Initial  
11.2 33.8 22.6 Group1 (Ration 1, 10% Gum Arabic) 
24.6 44.4 19.8 Group2 (Ration 2, Zero Gum Arabic)  
 
Table 20.1 presents the analysis of variance for five urea values 
.For all urea values regression on initial weight value was not significant 
(p<0.05). The rations showed no significant (p<0.05) effect. The overall 
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means of Ur1, Ur2, Ur3 and Ur4 for all groups are given in table 20.2 as 
shown the highest mean urea value was Ur3 and amounted to 68.81 mg / 
100ml and the lowest urea value was 21.49 at Ur0 a difference of 47.32 
over a period of two months. Also table 30.3 shows the means and 
standard errors of urea values ranging from time 0 to 4 months. 
Differences in urea value for Ur4 ranged from 33.82±4.89 for ration 2 and 
44.30±4.89 for ration 3. 
Table (20.1): Effect of ration and initial weight on urea levels (Ur) 
of goat fed G. A. (in pellet form) for two months  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* Ur0, Ur1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
 
 
 
Source Trait df Mean Square F Sig. 
Wt_0 Ur0 1 48.20 1.00 0.34 
 Ur1 1 198.55 3.03 0.11 
 Ur2 1 12.64 0.08 0.78 
 Ur3 1 482.70 0.83 0.38 
 Ur4 1 131.63 0.69 0.42 
Ration Ur0 1 35.12 0.73 0.41 
 Ur1 1 66.19 1.01 0.33 
 Ur2 1 34.10 0.22 0.65 
 Ur3 1 66.97 0.12 0.74 
 Ur4 1 438.85 2.30 0.15 
Error Ur0 13 48.40   
 Ur1 13 65.61   
 Ur2 13 153.29   
 Ur3 13 582.71   
 Ur4 13 190.90   
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Table (20.2): Grand means of Hb0, Hb1, Hb2, Hb3 and Hb4 
Trait Mean S. E. 
Ur0 21.19 1.74 
Ur1 39.38 2.01 
Ur2 60.81 3.10 
Ur3 68.81 6.04 
Ur4 39.06 3.45 
*Abbreviations as in table 20.1 
 
Table (20.3): Means and standard errors of the four rations for Ur0, 
Ur1, Ur2, Ur3 and Ur4  
 
 
 
 
 
 
 
 
 
 
 
 
*Abbreviations as in table 5.1 
 
3.2.2.2.4 Packed cell volume concentration  
Table (21): presents the man of initial packed cells volume, final 
packed cells volume and the average packed cells volume value for the 
four groups. The statistical analysis for the result is given in table 21.1, 
21.2 and 21.3  
 
Trait Ration Mean S.E. 
Ur0 
1 22.67 2.46 
2 19.71 2.46 
Ur1 
1 37.34 2.86 
2 41.41 2.86 
Urea2 
1 59.35 4.38 
2 56.23 4.38 
Ur3 
1 70.86 8.54 
2 66.77 8.54 
Ur4 
1 33.82 4.89 
2 44.30 4.89 
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Table (21): Packed cell volume of goat fed ration containing G.A. 
(in pellet form) for two months 
PCV (%) 
Group and ration Average in 
two months 
Final Initial 
11.2 33.8 22.6 Group1(Ration 1, 10% Gum Arabic) 
24.6 44.4 19.8 Group2(Ration 2, Zero Gum Arabic)  
 
Table 21.1 presents the analysis of variance for PCV values for all 
traits. For PCV values the regression on initial body weight was 
significant (p<0.05) in PCV2 and highly significant (p<0.01) on PCV3. 
The effect of ration on the PCV level was significant(p<0.05) in,PCV2and 
close to significant for PCV1 The overall mean of PCV0,PCV1, PCV2, 
PCV3 and PCV4 for all groups are given in table 21.2. The highest PCV 
was PCV0 and amounted to35.63 and the lowest was PCV3which is 
amounted to 24.31with a difference of 11.32 over a period of two months. 
Table 21.3 shows the means and standard errors of PCV at a period of 
two months. Differences in PCV for PCV2 ranged between 29.06% for 
ration 1 and 23.31% for ration 2.   
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Table (21.1): Effect of ration and initial weight on packed cell 
volume (PCV) of goats fed G. A. (in pellet form) for two months  
Source Trait df Mean Square F Sig. 
Wt_0 PCV0 1 14.24 0.24 0.64 
 PCV1 1 13.10 1.37 0.26 
 PCV2 1 94.88 5.24 0.04 
 PCV3 1 182.26 12.70 000 
 PCV4 1 26.75 0.82 0.38 
Ration PCV0 1 129.95 2.16 0.17 
 PCV1 1 41.02 4.29 0.06 
 PCV2 1 132.16 7.30 0.02 
 PCV3 1 19.38 1.35 0.27 
 PCV4 1 19.0 0.59 0.46 
Error PCV0 13 60.25   
 PCV1 13 9.57   
 PCV2 13 18.12   
 PCV3 13 14.36   
 PCV4 13 32.54   
* PCV0, PCV1, etc. correspond to Wt 0, Wt 1, etc in table 5.1. 
 
 
Table (21.2): Grand means of PCV0, PCV1, PCV2, PCV3 and 
PCV4 
Trait Mean S.E. 
PCV0 35.63 1.94 
PCV1 25.13 0.77 
PCV2 26.19 1.06 
PCV3 24.31 0.95 
PCV4 25.50 1.43 
*Abbreviations as in table 21.1 
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Table (21.3): Means and standard errors of the tow rations for 
PCV0, PCV1, PCV2, PCV3 and PCV4 
Trait Ration Mean S.E. 
PCV0 
1 32.77 2.75 
2 38.48 2.75 
PCV1 
1 26.78 1.09 
2 23.52 1.09 
PCV2 
1 29.06 1.51 
2 23.31 1.51 
PCV3 
1 25.41 1.34 
2 23.21 1.34 
PCV4 
1 26.59 2.02 
2 24.41 2.02 
*Abbreviations as in table 21.1 
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3.2.2.3 Bacterial count 
 
Table (22.1) presents the analysis of variance of bacterial count 
media incubated aerobically and an aerobically and on MacConkey’s 
agar. The effect of ration was significant (p<0.05) for the logarithm of 
bacterial count on MacConkey’s agar and close to significance for the 
logarithm of bacterial count anaerobically. The overall means of bacterial 
count grown on blood agar media aerobically and an aerobically and on 
MacConkey’s agar are given in table 22.2. The highest bacterial count 
was 819367500.000 (8.2x108) for the bacteria grown aerobically and the 
lowest was 53560300.000 (5.4x107) for the bacteria grown on MacConkey’s 
agar. Table 22.3 shows the means and standard errors over the 
experimental period. Differences in bacterial count aerobically ranged 
between 4.1x107 for ration 1 and 4.1x107 for ration 2.  
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Table (22): Faecal bacterial counts of goats fed pellet rations 
containing G.A. (transformed to the logarithmic scale) 
Source Trait df Mean Square F Sig. 
Ration Log_aerobic 1 0.47 0.62 .440 
 Log_anaerobic 1 2.16 3.76 .060 
 Log_MacConkey 1 4.10 4.72 0.04 
Weeks Log_aerobic 4 1.50 2.00 0.12 
 Log_anaerobic 4 2.85 4.95 .000 
 Log_MacConkey 4 1.73 1.99 .120 
Raion * 
Weeks 
Log_aerobic 4 1.25 1.67 .180 
 Log_unaerobic 4 .380 0.66 0.63 
 Log_Mckockney 4 0.80 .920 .460 
Error Log_aerobic 35 .750   
 Log_anaerobic 35 .580   
 Log_MacConkey 35 .870   
 
Table (22.1): Grand means of bacterial count mentioned in table 
22.1 
Trait Mean S.E. 
Aerobic B.C.on B.A 8.2x10
8
 2.9x10
8
 
Anaerobic B.C. on B.A 7.0x10
8
 2.3x10
8
 
MacConkey B.C. 5.3x10
7
 2.4x10
7
 
* B.C. = Bacterial count            * B.A = Blood agar 
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Table (22.2): Means and standard errors of faecal bacterial count 
mentioned in table 22.1 (Ration) 
Dependent Variable Ration Mean S.E. 
Aerobic B.C. on B.A 
1 9.0x10
8
 4.3x10
8
 
2 7.4x10
8
 3.9x10
8
 
Anaerobic B.C. on B.A 
1 7.5x10
8
 3.4x10
8
 
2 6.5x10
8
 3.1x10
8
 
MacConkey B.C.  
1 4.1x10
7
 3.5x10
7
 
2 6.7x10
7
 3.1x10
7
 
* B.C. = Bacterial count            * B.A = Blood agar 
Table (22.3): Means and standard errors for faecal bacterial count 
mentioned in table 16.1 (weeks) 
Dependent Variable Weeks Mean S.E. 
Aerobic B.C. on B.A 
0 2.5x10
9
 6.5x10
8
 
2 5.9x10
8
 6.5x10
8
 
4 4.6x10
8
 6.5x10
8
 
6 2.5x10
8
 6.5x10
8
 
8 3.4x10
8
 6.5x10
8
 
Anaerobic B.C. on 
B.A 
0 1.6x10
8
 5.2x10
8
 
2 3.6x10
8
 5.2x10
8
 
4 1.9x10
9
 5.2x10
8
 
6 1x10
9
 5.2x10
8
 
8 1.3x10
8
 5.2x10
8
 
MacConkey B.C.  
0 8.5x10
7
 5.2x10
7
 
2 3.3x10
7
 5.2x10
7
 
4 1.1x10
8
 5.2x10
7
 
6 1.5x10
7
 5.2x10
7
 
8 4.2x10
7
 5.2x10
7
 
* B.C. = Bacterial count            * B.A = Blood agar 
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Fig. (17): Effect of rations containing different concentrations of G.A. in 
pellet form on the faecal bacterial count (on B.A. aerobically) of goats 
 
Fig. (18): Effect of rations containing different concentrations of G.A. in 
pellet form on the faecal bacterial count (on B.A. anaerobically) of goats 
 
 
Fig. (19): Effect of rations containing different concentrations of G.A. in pellet 
form on the faecal bacterial count (on MacConkey agar) of goats 
          2 
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3.2.3 Bacterial isolation 
Bacteria isolated from the faecal samples taken every two weeks 
for two and half months. 
 The results shown in (Tables 23 and 23. 1) 
Table (23): Aerobic bacteria isolated from the faecal samples of 
sheep and goats during the supplementation of G.A. 
The isolate 
Number of 
the isolate 
Percentage from 
the total isolates 
Escherichia coli 43 23.6 
Bacillus sphericus 18 9.9 
Bacillus mycoides 2 1.1 
Pseudomonas alculigens 1 0.55 
Morexella-non liquefaeicns 3 1.6 
Micrococcus reseus 3 1.6 
Actinomyces spp. 4 2.2 
Bacillus panthenticus 12 6 
Micrococcus spp. 4 2.2 
Corynobacterium pseudodiphthoriticum 2 1.1 
Alcaligenes faecalis 2 1.1 
Bacillus badius 5 2.7 
Haemophillus spp.  2 1.1 
Bacillus alvei 6 3.3 
Micrococcus luteus 2 1.1 
Gardnerella vuginalis 1 0.55 
Yersinia intermedia 1 0.55 
Bacillus lichiniformis 2 1.1 
Staphylococcus caseolyticus 1 0.55 
Bacillus laterosporus 1 0.55 
Kurthia gibsonii 1 0.55 
 
 
Fig. (78): 
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Table (23) continued... 
The isolate 
Number of 
the isolate 
Percentage from 
the total isolates 
Corynobacterium matruchotii 1 0.55 
Bacillus theringiensis 5 2.7 
Staphylococcus aurcularis 2 1.1 
Klebsiella oxytoca 3 1.6 
Escherichia adecarboxlata 2 1.1 
Haemophillus spp. 2 1.1 
Bacillus sterothermophilus 1 0.55 
Bacillus macerans 5 2.7 
Pasteurella haemolytica 1 0.55 
Neiseria flavescens 4 1.1 
Pseudomonas pauimobilis 2 1.1 
Corynobacterium jejkeum 1 0.55 
Escherichia fergusonii 2 1.1 
Proteus mirabilis 1 0.55 
Bacillus cerus 10 5.6 
Bacillus megaterium  2 1.1 
Staphylococcus haemoliticus 1 0.55 
Staphylococcus sacchrolyticus 1 0.55 
Vibrio furnissi  1 0.55 
Corynobacterium kutscheri 1 0.55 
Providencia alcalifacicas 1 0.55 
Staphylococcus klosii 1 0.55 
Corynobacterium mycetoides 1 0.55 
Ingella kingae 1 0.55 
Escherichia spp. 5 2.7 
Corynobacterium bovis 1 0.55 
Actinobacter lowffi 1 0.55 
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Table (23.1): Anaerobic bacteria isolated from the faecal samples of 
sheep and goats during the supplementation of G.A. 
The isolate Number of isolates Percentage from the 
total isolates 
Gram negative bacilli 17 25.4% 
Gram positive bacilli 18 26.8% 
Gram negative cocci 28 41.8% 
Gram negative coccobacilli 4 6.0% 
 
3.2.4 Meat  
2.2.4.1 Meat of sheep 
Table 24.1, and 24.2 presents the chemical analysis of sheep meat 
including pH value, water holding capacity (WHC), sacroplasmic 
proteins, myofibrial proteins, non protein nitrogen (NPN) crude protein 
(CP), moisture (M), ether extract (EE) and Ash. The effect of ration was 
significant (p<0.05) for pH value, myo.protein and moisture and highly 
significant (p<0.001) for WHC, sacro.protein, EE and Ash and was not 
significant (p<0.05) for NPN and CP. The overall means of pH value, 
(WHC), sacro.protein, myo.proteins, (NPN), (Cp), (M), (EE) and Ash are 
given in tables 24.3 and 24.4. Tables 24.5 and 24.6 show the means and 
standard errors over the experimental period. Differences in pH value 
ranged between 5.96 for ration 1 and 5.58 for ration 3, (WHC); between 
2.10 for ration 3 and 1.19 for ration 1, sacro.proteins; between 6.28 for 
ration 4 and 5.84 for ration 3, myo.protein; between 12.33 for ration 3 
and 11.82 for ration 4, (NPN) amounted to 0.45 for the four rations, CP 
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ranged between 22.37 for ration 3 and 21.14 for ration 1, M; between 
73.38 for ration 4 and 74.17for ration 3, EE; between 2.42 for ration 4 
and 2.05 for ration 3 and Ash ranged between 0.99 ranged between and 
1.17 for ration 3.    
Table (24.1): The pH value, water holding capacity (WHC), 
moisture (M), ether extract (EE) and ash of meat of sheep fed 
different concentrations of G.A. for tow months      
Source Trait df Mean Square F Sig. 
Ration PH  3 9.406E-02 4.39 0.04 
 W.H.C. 3 0.5590 121.53 0.00 
 M% 3 0.3510 7.32 0.01 
 E.E.% 3 8.610E-02 35.50 0.00 
 ASH% 3 1.634E-02 26.86 0.00 
Error PH  8 2.142E-02   
 W.H.C. 8 4.600E-03   
 M% 8 4.794E-02   
 E.E.% 8 2.425E-03   
 ASH% 8 6.083E-04   
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Table (24.2): Sacroplasmic proteins, myofibrial proteins, non 
protein nitrogen (NPN) and crude protein (CP) of meat of sheep fed 
different concentrations of G.A. for tow months    
Source Trait df Mean Square F Sig. 
Ration Sacro. % 3 0.1430 11.45 0.00 
 Mayo. % 3 0.1770 6.94 0.01 
 N.P.N.% 3 3.333E-05 1.00 0.44 
 C. P.% 3 0.8790 3.22 0.08 
Error  Sacro. % 8 1.247E-02   
 Mayo. % 8 2.548E-02   
 N.P.N%. 8 3.333E-05   
 C. P.% 8 0.2730   
 
Table (24.3): Grand mean of pH value, water holding capacity 
(WHC), moisture (M), ether extract (EE) and Ash for the meat 
mentioned in table (24.1) 
Trait Mean S.E. 
pH value 5.83 0.04 
WHC 1.83 0.02 
M% 73.87 0.06 
EE% 2.26 0.01 
ASH% 1.08 0.01 
 
 
Table (24.4): Grand mean of sacroplasmic proteins, myofibrial 
proteins, non protein nitrogen (NPN) and crude protein (CP) for 
the meat mentioned in table 24.2    
Trait Mean S.E. 
Sacro. %  6.04 0.03 
Mayo. % 12.00 0.05 
NPN%  0.45 0.00 
 CP % 21.74 0.15 
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Table (24.5): Means and standard errors of the four rations for pH 
value, water holding capacity (WHC), moisture (M), ether extract 
(EE) and ash for the meat mentioned in table 24.1 
 Trait No. group/sheep Mean S.E. 
pH value 
1 5. 96 0.08 
2 5.81  0.08 
3 5.58 0.08 
4 5. 95 0.08 
WHC 
1 1.19 0.04 
2 1.94 0.04 
3 2.10 0.04 
4 2.09 0.04 
M% 
1 73.92 0.13 
2 74.02 0.13 
3 74.17 0.13 
4 73.38 0.13 
EE% 
1 2.38 0.03 
2 2.19 0.03 
3 2.05 0.03 
4 2.42 0.03 
Ash% 
1 1.05 0.01 
2 1.10 0.01 
3 1.17 0.01 
4 0.99 0.01 
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Table (24.6): Means and standard errors of the four rations for 
sacroplasmic proteins, myofibrial protein, non nitrogen protein 
(NPN) and crude protein (CP) for the meat mentioned in table 24.2 
 Trait No. group/sheep Mean S.E. 
Sacro.protein % 
1 6.17 0.06 
2 5.86 0.06 
3 5.85 0.06 
4 6.28 0.06 
Mayo.protein% 
1 11.82 0.09 
2 12.03 0.09 
3 12.33 0.09 
4 11.82 0.09 
NPN% 
1 0.45 0.00 
2 0.45 0.00 
3 0.45 0.00 
4 0.45 0.00 
CP% 
1 21.14 0.30 
2 21.96 0.30 
3 22.37 0.30 
4 21.48 0.30 
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Fig. (20): Effect of rations containing different concentrations 
of G.A. in pellet form on the pH of meat of sheep 
Fig. (21): Effect of rations containing different concentrations of G.A. in 
pellet form on the water holding capacity (WHC) of meat of sheep 
Fig. (22): Effect of rations containing different concentrations of G.A. 
in pellet form on the sacroplasmic proteins content of meat of sheep 
Mean
WHC 
% 
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Fig. (23): Effect of rations containing different concentrations of G.A. in 
pellet form on the myoplasmic proteins content of meat of sheep 
Fig. (24): Effect of rations containing different concentrations of G.A. in 
pellet form on the non protein nitrogen (NPN) content of meat of sheep 
Fig. (25): Effect of rations containing different concentrations of G.A. in 
pellet form on the crude protein (CP) content of meat of sheep 
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Fig. (26): Effect of rations containing different concentrations of G.A. 
in pellet form on the moisture (M) content of meat of sheep 
Fig. (27): Effect of rations containing different concentrations of 
G.A. in pellet form on the ether extract content of meat of sheep 
Fig. (28): Effect of rations containing different concentrations of 
G.A. in pellet form on the ash content of meat of sheep 
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Tables (25.1) and (25.2) presents the chemical analysis of goats meat 
including pH value, water holding capacity (WHC), sacroplasmic 
proteins, myofibrial protein, non protein nitrogen (NPN), crude protein 
(Cp), moisture (M), ether extract (EE) and ash. The effect of ration was 
significant (p<0.05) on ash and moisture and highly significant 
(p<0.001) on pH and was not significant (p>0.05) on (WHC), 
sacro.proteins, myo.proteins, (EE), NPN and CP. The overall means of 
pH value, (WHC), sacro.proteins, myo.proteins, (NPN), (Cp), (M), (EE) 
and ash are given in tables 25.3 and 25.4. Tables 25.5 and 25.6 show the 
means and standard errors of chemical analysis traits over the 
experimental period. Differences in pH value ranged between 6.49 for 
ration 1 and 5.88 for ration 2, (WHC); between 1.52 for ration 1 and 
1.46 for ration 2, sacro.protein; between 6.26 for ration 1 and 2.31 for 
ration 1. myo.protein; between 11.01 for ration 1 and 10.70 for ration 4, 
(NPN) amounted to 0.45 for the two rations, CP ranged between 22.03 
for ration 1 and 22.75 for ration 2, M; between 73.37 for ration 1 and 
72.68 for ration 2, EE; between 2.17 for ration 1and 2.18 for ration 2 
and ash ranged between 1.15 for ration 1and 1.11 for ration 2   
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Table (25.1): The pH value, water holding capacity (WHC), 
moisture (M), ether extract (EE) and ash of meat of goats fed ration 
containing G.A. for tow months 
Source Trait df Mean Square F Sig. 
Ration pH 1 0.726 24.84 0.00 
 W.H.C. 1 7.200E-03 1.55 0.26 
 M% 1 0.510 9.85 0.02 
 E.E.% 1 1.125E-04 0.01 0.92 
 Ash% 1 2.813E-03 12.27 0.01 
Error pH 6 2.923E-02   
 W.H.C. 6 4.658E-03   
 M% 6 5.178E-02   
 E.E.% 6 1.051E-02   
 Ash% 6 2.292E-04   
 
Table (25.2): The sacroplasmic proteins, myofibrial proteins, non 
protein nitrogen (NPN) and crude protein (CP) of meat of goats fed 
ration containing G.A. for tow months 
Source Trait df Mean Square F Sig. 
Ration Sacro.proteins% 1 4.050E-03 3.14 0.13 
 Myo.proteins % 1 0.183 4.06 0.09 
 N.P.N.% 1 1.125E-04 3.87 0.10 
 C.P% 1 1.030 1.60 0.25 
Error Sacro.proteins% 6 1.292E-03   
 Myo.proteins % 6 4.506E-02   
 N.P.N.% 6 2.917E-05   
 C.P% 6 0.644   
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Table (25.3): Grand mean of pH value, water holding capacity 
(WHC), moisture (M), ether extract (EE) and Ash for the meat 
mentioned in table 25.1 
Trait Mean S.E. 
pH  6.18 0.06 
W.H.C. 1.49 0.02 
M% 73.11 0.08 
E.E.% 2.17 0.04 
Ash% 1.13 0.01 
Table (25.4): Grand mean of sacroplasmic proteins, myofibrial 
proteins, non protein nitrogen (NPN) and crude protein (CP) for 
the meat mentioned in table 25.2  
Trait Mean S.E. 
Sacro% 6.29 0.01 
Mayo % 10.85 0.08 
N.P.N.% 0.45 0.00 
C.P% 22.39 0.28 
 
Table (25.5): Means and standard errors of the two rations for pH 
value, water holding capacity (WHC), moisture (M), ether extract 
(EE) and Ash for the meat mentioned in table 25.1 
Trait Ration Mean S. E. 
pH 
1 6.49 0.09 
2 5.88 0.09 
W.H.C. 
1 1.52 0.03 
2 1.46 0.03 
M% 
1 73.37 0.11 
2 72.86 0.11 
E.E.% 
1 2.18 0.05 
2 2.17 0.05 
Ash% 
1 1.15 0.01 
2 1.11 0.01 
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Table (25. 6): Means and standard errors of the two rations for 
sacroplasmic proteins, myofibrial proteins, and non protein 
nitrogen (NPN) for the meat mentioned in table (25.2) 
Trait Ration Mean S. E. 
Sacro.protein % 
1 6.26 0.02 
2 6.31 0.02 
Mayo.protein % 
1 11.01 0.11 
2 10.70 0.11 
N.P.N.% 
1 0.45 0.00 
2 0.45 0.00 
C.P% 
1 22.03 0.40 
2 22.75 0.40 
 
3.2.5 Carcasses  
3.2.5.1 Sheep carcasses 
3.2.5.1.1 Hot carcasses 
Tables (26) and (26.1) present the analysis of variance for the weights of 
hot carcasses for all traits. The effect of ration on hot carcasses was not 
significant (p<0.05). The highest weight was weight for ration 3 which is 
amounted to 13.83 and the lowest was weight for ration 2 which is 
amounted to 12.53.  
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Table (26): The hot carcasses of sheep fed different concentrations 
of G.A. for tow months 
Source  Trait DF Mean Square F  Sig. 
Model 
Hot carcass 
3 0.99 0.58 0.65 
 Error 8 1.71   
 
Table (26.1): Means and standard errors of hot carcasses of sheep 
fed different concentrations of G.A. for tow months 
Variable Ration Mean S.E. 
Hot carcass 
1 13.30 0.35 
2 12.53 0.75 
3 13.83 0.98 
4 12.80 0.77 
 
3.2.5.1.2 Chilled carcasses 
Tables (27) and (27.1) present the analysis of variance for the weights of 
chill carcasses for all traits. The effect of ration on chill carcasses was not 
significant (p<0.05). The highest weight was weight for ration 3 which is 
amounted to 13.33 and the lowest was weight for ration 2 which is 
amounted to 12.07.  
Table (27): The chilled carcasses of sheep fed different 
concentrations of G.A. for tow months  
Source Trait DF Mean Square F Sig. 
Model Chilled 
carcass 
3 0.91 0.54 0.67 
 Error 8 1.68   
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Table (27.1): Means and standard errors of chilled carcasses of 
sheep fed different concentrations of G.A. for tow months  
 Variable  Ration Mean S.E. 
Chill carcass 
1 12.90 0.35 
2 12.07 0.75 
3 13.33 0.98 
4 12.34 0.77 
 
3.2.5.2 Carcass of Goats 
3.2.5.2.1 Hot carcass 
Tables (28) and (28.1) present the analysis of variance for the weights of 
hot carcasses for all traits. The effect of ration on hot carcasses was not 
significant (p<0.05). The highest weight was weight for ration 2 which is 
amounted to 7.45 and the lowest was weight for ration 1 which is 
amounted to 6.98.  
Table (28): The hot carcasses of goats fed ration containing G.A. for 
tow months  
Source Trait DF Mean Square F Sig. 
Model 
Hot carcass 
1 0.45 0.59 0.47 
 Error 6 0.76   
 
Table (28.1): Means and standard errors of hot carcasses of goats 
fed ration containing G.A. for tow months 
Variable Ration Mean S.E. 
Hot carcass 
1 6.98 0.09      
2 7.45      0.61  
 
 
3.2.5.2.2 Chilled carcasses 
Tables (29) and (29.1) present the analysis of variance for the weights of 
chilled carcasses for all traits. The effect of ration on chilled carcasses 
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was not significant (p<0.05). The highest weight was weight for ration 2 
which is amounted to 7.15 and the lowest was weight for ration 1which is 
amounted to 6.68.  
Table (29): The chilled carcasses of goats fed ration containing G.A. 
for tow months   
Source Trait DF Mean Square F Sig. 
Model Chilled 
carcasses 
1 0.45 0.64 0.46 
 Error 6 0.70   
 
Table (29.1): Means and standard errors of chilled carcasses of 
goats fed ration containing G.A. for two months 
Variable Ration Mean S.E. 
Chilled carcasses 
1 6.68 0.10 
2 7.15 0.59 
 
3.3. Effect of Gum Arabic on bacterial growth in vitro 
Addition of Gum Arabic (Fine powder from Khartoum Dialysis 
and kidney Transplantation centre, its physiochemical properties are 
mentioned elsewhere (Amira, 2003) with different concentrations (0.1%, 
0.5% and 1%) to reinforced closteridial agar (RCA) media and blood agar 
media was done in comparison to control media i.e. RCA and blood agar 
only without addition of Gum Arabic. E. coli, Klebsiella spp. and 
Staphylococcus spp. were cultured in these media. The result is 
enhancement of bacterial growth by addition of Gum Arabic as shown in 
photos (Fig. 65-73) 
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Fig. (29): E. coli colonies in RCA media (control) 
 
 
Fig (30): E. coli colonies in RCA media supplemented  
with 0.5% Gum Arabic (GA) 
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Fig (31): E. coli colonies in RCA media supplemented  
with 1.0% Gum Arabic  
 
 
 
 
Fig (32): Klebsiella spp. colonies in RCA (control) 
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Fig (33): Klebsiella spp. colonies in RCA media supplemented  
with 0.5% Gum Arabic 
 
 
 
Fig (34): Klebsiella spp. colonies in RCA media supplemented 
 with 1.0% Gum Arabic 
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Fig (35): Staphylococcus spp. colonies in RCA media (control) 
 
 
Fig (36): Staphylococcus spp. colonies in RCA media supplemented 
with 0.5% Gum Arabic 
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Fig (37): Staphylococcus spp. colonies in RCA media supplemented 
 with 1.0% Gum Arabic 
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3.4 Effect of Gum Arabic on cell culture 
Extraction of E. coli and Klebsiella spp. metabolites cultured in 
RCM media supplemented with different concentrations of Gum Arabic 
(Fine powder from Khartoum Dialysis and kidney Transplantation center, 
its physiochemical properties are mentioned elsewhere (Amira,2003) was 
done. Then different amounts of these metabolites were added to lamb 
kidney cell culture. Addition of different Gum Arabic concentrations to 
these cells was done.  
It resulted in more healthy and better growth mainly when the 
culture media supplemented with Gum Arabic (G.A.) in comparison to 
control cells (See Fig. 74-87).   
The experimental protocol exhibited as follows: 
1- Cell culture with 0.04 ml Klebsiela spp. metabolite supplemented with 
0.1%G.A. 
2- Cell culture with 0.08 ml Klebsiela spp. metabolite supplemented with 
0.1%G.A. 
3- Cell culture with 0.04 ml Klebsiela spp. metabolite supplemented with 
0.5%G.A. 
4- Cell culture with 0.08 ml Klebsiela spp. metabolite supplemented with 
0.5% G.A. 
5- Cell culture with 0.1 ml Klebsiela spp. metabolite supplemented with 
0.5% G.A. 
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6- Cell culture with 0.04 ml Klebsiela spp. metabolite supplemented with 
1%G.A. 
7- Cell culture with 0.08 ml Klebsiela spp. metabolite supplemented with 
1%G.A. 
8- Cell culture with 0.1 ml Klebsiela spp. metabolite supplemented with 
1%G.A. 
9- Cell culture with 0.04 ml Klebsiela spp. metabolite.  
10- Cell culture with 0.08 ml Klebsiela spp. metabolite. 
11- Cell culture with 0.1 ml Klebsiela spp. metabolite. 
12- Cell culture only as control. 
13- Cell culture with 0.04 ml E. coli metabolite supplemented with 0.1% 
G A. 
14- Cell culture with 0.08 ml E. coli metabolite supplemented with 0.1% 
G A. 
15- Cell culture with 0.04 ml E. coli metabolite supplemented with 
0.5%G.A. 
16- Cell culture with 0.08 ml E. coli metabolite supplemented with 
0.5%G.A. 
17- Cell culture with 0.1 ml E. coli metabolite supplemented with 
0.5%G.A. 
18- Cell culture with 0.04 ml E. coli metabolite supplemented with 
1%G.A. 
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19- Cell culture with 0.08 ml E. coli metabolite supplemented with 
1%G.A. 
20- Cell culture with 0.1 ml E. coli metabolite supplemented with 
1%G.A. 
21- Cell culture with 0.04 ml E. coli metabolite. 
22- Cell culture with 0.08 ml E. coli metabolite. 
23- Cell culture with 0.1 ml E. coli metabolite. 
24- Cell culture only as control. 
25- - Cell culture with 0.04 ml of 5% Gum Arabic solution. 
26- Cell culture with 0.08 ml of 5% Gum Arabic solution. 
The best growth was shown in the addition of 0.08ml amounts. 
Also growth of sheep pox virus was examined and it was improved 
in all experimental sets 
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Fig (38): Calf kidney cell culture provided with 0.04 ml metabolite of 
Klebsiella spp. grown in medium containing Gum Arabic 
 
 
Fig (39): Calf kidney cell culture provided with 0.08 ml metabolite of 
Klebsiella spp. grown in medium containing Gum Arabic 
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Fig (40): Calf kidney cell culture provided with 0.04ml metabolite of 
Klebsiella spp.  
 
 
Fig (41): Calf kidney cell culture provided with 0.08 ml metabolite of 
Klebsiella spp.  
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Fig (42): Calf kidney cell culture provided with 0.5% Gum Arabic 
 
 
 
Fig (43): Calf kidney cell culture provided with 0.25 % Gum Arabic 
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Fig (44): Control (only calf kidney cell culture) 
  
  
 
Fig (45): Calf kidney cell culture provided with 0.04 ml Escherichia 
coli metabolites grown in medium containing   
Gum Arabic 
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Fig (46): Calf kidney cell culture provided with (0.08 ml) 
Escherichia coli metabolites grown in medium containing   
Gum Arabic 
 
 
Fig (47): Calf kidney cell culture provided with 0.04 ml Escherichia 
coli metabolites  
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Fig (48): Calf kidney cell culture provided with 0.08 ml Escherichia 
coli metabolites  
 
 
 
Fig (49): Calf kidney cell culture provided with 0.5 % Gum Arabic 
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Fig (50): Calf kidney cell culture provided with 0.25 % Gum Arabic 
 
 
 
 
Fig (51): Control (only calf kidney cell culture) 
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3.5 Effect of Gum Arabic on fermentation process of rumen liquor in 
vitro 
3.5.1 Ammonia production 
This experiment was done to evaluate the effect of G.A. on the 
rumen bacteria and the fermentation process by measuring ammonia, 
volatile fatty acids and gas production. 
Tables (30) and table (30.1) present the analysis of variance for 
ammonia values for all traits. The effect of ration on ammonia level was 
highly significant (p<0.001). The highest ammonia value was ammonia 
for ration 3 which is amounted to 4.70 and the lowest was ammonia for 
ration 4 which is amounted to 2.67.  
 
Table (30): Means and standard errors of ammonia released from 
in vitro fermentation of rations containing G.A.  
Variable Rations Mean S.E. 
Ammonia 
1 3.69 0.33 
2 3.87 0.03 
3 4.70 0.26 
4 2.67 0.13 
 
 
Table (30.1): Effect of rations containing G.A. on ammonia level 
(mentioned in table 30) 
Source  Trait DF Mean Square F  Sig. 
Model 
Ammonia 
3 2.09 14.21 0.001 
 Error 8 0.15   
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Table (30.2): Means and standard errors of ammonia released from 
or resulted from fermentation of rations containing G.A.  
Variable Ration Mean Std. Error 
Ammonia 
1 3.69 0.33 
2 3.87 0.03 
3 4.70 0.26 
4 2.67 0.13 
 
3.5.2 Volatile fatty acids 
Tables (31) and (31.1) present the analysis of variance for volatile 
fatty acids (VFAs) values for all traits. The effect of ration on VFAs level 
was highly significant (p<0.0001). The highest VFAs value was VFAs 
for ration 3 which is amounted to 1.20 and the lowest was VFAs for 
ration 1 which is amounted to 0.21.  
 
Table (31): Means and standard errors of VFAs produced from 
fermentation of rations containing G.A.  
Variable Ration Mean S.E. 
 
VFAs 
 
 
1 0.21  0.01 
2 0.22 0.22 
3 1.20  0.15 
4 0.23 0.02 
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Table (31.1): Effect of rations containing G.A. on volatile fatty acids 
production in vitro (mentioned in table 31) 
Source  Trait DF Mean Square F  Sig. 
Model 
VFAs1 
3 0.72 40.40 0.0001 
 Error 8 0.02   
 
3.5.3 Gas production 
Tables (32) and (32.1) present the analysis of variance for the A 
value in gas production for all traits. The effect of ration on A value was 
not significant (p<0.05). The highest value was that for ration 4 which is 
amounted to 1.56 and the lowest was that for ration 2 which is amounted 
to -0.51.  
Table (32): Means and standard errors of A value of in vitro gas 
production of rations containing G.A. 
Variable Ration Mean S.E. 
A 
1 0.23 1.54 
2 -0.51 1.24 
3 1.29 1.00 
4 1.56 1.02 
 
Table (32.1): Effect of rations (mentioned in table 32) on A value of 
gas production in vitro  
Source Trait DF Mean Square F Sig. 
Model 
A 
1 2.74  0.61 0.62 
 Error 8 4.46   
 
Tables (33) and (33.1) present the analysis of variance for the B 
value in gas production for all traits. The effect of ration on B value was 
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not significant (p<0.05). The highest value was that for ration 4 which is 
amounted to 54.23 and the lowest was that for ration 2 which is amounted 
to 48.33.  
Table (33): Means and standard errors of B value of in vitro gas 
production of rations containing G.A.  
Variable Ration Mean S.E. 
B 
1 48.94 1.87 
2 48.33    0.57 
3 49.41  1.15 
4 54.23 5.65 
 
Table (33.1): Effect of rations (mentioned in table 33) on B value of 
gas production in vitro  
Source Trait DF Mean Square F Sig. 
Model 
B 
3 21.96 0.79 0.53 
Error 8 27.85   
 
Tables (34) and (34.1) present the analysis of variance for the C 
value in gas production for all traits. The effect of ration on C value was 
significant (p<0.01). The highest value was that for ration 4 which is 
amounted to 0.03 and the lowest was that for ration 1and ration 2 which is 
amounted to 0.06.  
Table (34): Means and standard errors of C value of in vitro gas 
production of rations containing G.A.  
Variable Ration Mean S.E. 
 
C 
 
1 0.06 0.005 
2 0.06 0.007 
3 0.04 0.001 
4 0.03 0.007 
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Table (34.1): Effect of rations (mentioned in table 34) on C value of 
gas production in vitro 
Source Trait DF Mean Square F Sig. 
Model 
C 
3 0.00063  6.94 0.0129 
 Error 8 0.00009   
 
Tables (35) and (35.1) present the analysis of variance for the AB 
value in gas production for all traits. The effect of ration on AB value was 
not significant (p<0.05). The highest value was that for ration 4 which is 
amounted to 55.78 and the lowest was that for ration 2 which is amounted 
to 47.82.  
Table (35): Means and standard errors of AB values of in vitro gas 
production of rations containing G.A  
Variable Ration Mean S.E. 
 
AB 
 
1 49.17 0.97 
2 47.82 1.30 
3 50.69 0.15 
4 55.78 6.32 
 
 
Table (35.1): Effect of rations (mentioned in table 35) on AB value 
of gas production in vitro 
Source Trait DF Mean Square F Sig. 
Model 
AB 
3 36.34 1.14 0.39 
 Error 8 31.96   
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CHAPTER FOUR 
DISSCTION 
This work was conducted in four aspects using Gum Arabic 
powder (dust) from G.A. grading process, while the G.A. powder used in 
the tissue culture experiments was obtained from section of centre of 
kidney dialysis).The first aspect was the use of G.A. as feed additive for 
small ruminants (sheep and goats) in two separate experiments in which 
feed intake, body weight, blood parameters and bacterial count were 
determined beside chemical analysis of meat in the second experiment. 
The second one was dealing with addition of G.A. to cultured media 
(blood agar and RCA media) to see its effect on the growth of E. coli, 
Klebsiella and Staphylococcus. The third aspect concerning 
supplementation of a liquid culture media in which E. coli and Klebsiella 
were grown with G.A. and addition of its extracted metabolites to lamb 
kidney tissue. The last aspect was dealing with the addition of G.A. in 
vitro experiment to the rumen liquor to measure N-NH3, VFAs and gas 
production.  
It is clear that G.A. has no effect on feed intake that was 
demonstrated in the amounts of feed delivered and the residues observed. 
As shown in exp.1 feed intake of the mesh ration is different from the 
pelleted ration, weight gain supported the same observation. Our finding 
is in agreement with the finding of Nash (1988) who reported that there 
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are no differences in feed intake in Galago senegalensis when fed G.A. 
compared with free diet.  
Our finding is in agreement with the finding of Bath and Rook 
(1963) and Weston and Hogan (1968). This finding support the 
observation of that VFAs production in the rumen is controlled by so 
many factors such as physical and chemical nature of the diet, feeding 
regimes as well as the total amounts of organic matter digested. In the 
same connection McDonald (1988) showed that the concentration of 
VFA varies from 0.2 to 1.5g/ml that according to animal’s diet and time 
elapse from the previous meal. 
The effect of ration was close to significance (p>0.06) only in the 
final weight (Wt4).The body weight gain was high in all groups fed Gum 
Arabic compared to the control group, but the highest body weight gain 
was observed in the group fed 10% Gum Arabic. From the results the 
adjustment of body weights during the first allocations of the 
experiments, can only be done by total averages for all animals in the 
group. Differences between groups and within the group are attributed to 
biological and physiological effects. For all weights the regression on 
initial weight was highly significant (P<0.01).This shows that it is 
important to correct for initial weight differences despite the fact that 
great care was practiced to allocate animals of equal body weights to be 
studied of. It seems that such work on incorporation of G.A. as a partial 
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replacer to the small ruminants (sheep and goats) ration was the first of 
its type. 
Our findings are in agreement with the findings of Nash (1988). 
The fact that the digestion of gums, which are a complex 
polysaccharides, probably requiring fermentation in the gut. Also our 
results were in agreement with Nash (1988) who demonstrated the fact 
that on the gum diet, animals maintained weight without increase intake 
or decrease in activity levels. Indicators of gut bacterial action increased 
on the gum diet. These observations are strong indirect evidence for an 
increase of fermentation in the gut diet. 
The results of haemoglobin analysis showed the differences in 
haemoglobin concentration according to the ration composition. It is 
obvious that the group fed with 10% G.A. showed the highest 
concentration of haemoglobin against time. The difference was 
significant (p>0.05) between groups fed 10% and 20% G.A. and the 
groups fed 30% G.A. and the control. 
The results of PCV% were a reflection of RBC picture. According 
to the statistical analysis differences between groups were not significant 
(p>0.05). Also group1 which fed with 10% G.A. showed the highest PCV 
values compared to the other groups and the control. 
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  The results of urea analysis showed significant (p<0.05) effect in 
reduction of urea levels especially in the groups fed 10% and 20% G.A. 
in comparison to the control group. 
The mechanism by which G.A. reduces urea nitrogen is attributed 
to the role of rumen and gut flora. It is known that ruminal bacteria 
ferment dietary fibres which provide them with energy and nitrogen 
incorporation, the net result of such process is increase in high quality 
proteins, increased faecal bacterial mass, increased faecal nitrogenous 
matter excretion and subsequently lower serum urea nitrogen (Bliss et al., 
1996, Rasheeda, 2002). Also addition of digestible fibre to the diet 
stimulates bacterial growth and activity in the rumen. The gut bacteria 
produce urease that hydrolysis urea to ammonia and carbon dioxide. The 
resultant ammonia can then be incorporated into bacteria proteins, are 
subsequently excreted in the mass of the faeces. The net result is 
increased nitrogen metabolism by the animal and less urea goes to the 
blood. 
Creatinine levels showed no significant (p>0.05) difference 
between the 30%, 20% and 10% G.A. respectively and the control. The 
metabolism of creatinine increased with increased percentage of G.A. in 
the ration, showed a slight decreased level which substantiated the 
findings of other workers (Samia, 2002).Creatinine analysis results 
indicates that G.A. has no direct effect on creatinine concentration against 
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time which is in favour of such material to be added to ruminant rations, 
and also according to the role of creatinine in tissues damage or kidney 
filtration of such material. Due to the physiology of creatinine in relation 
to liver and muscles, as shown by Ganong (1999b) its rate of production 
is relatively constant from day to day, and this agreed with our findings. 
The rations when given in a pelleted form the animals made better 
weight gains. The highest weight gain showed in group 1 which was fed 
a ration containing 5% G.A. 
For haemoglobin and creatinine no differences were noticed 
between groups. 
The results for urea were similar to those reported for sheep in 
experiment 1 although 20% G.A. gave the highest value in urea reduction 
in comparison with the other groups. 
The values for PCV% showed no differences between groups.  
According to the results from the sheep and goat experiments all tested 
parameters for blood and body weights showed no significant differences.  
In vitro supplementation of blood agar and reinforced clostridial 
agar (RCA) media with 0.5% and 1% G.A. resulted in increasing the 
count of Klebsiella and E. coli in comparison to media with out. More 
count was obtained in 1% G.A. and this was more evident in Klebsiella 
than E. coli. Our results agreed with the findings of Samia (2002). 
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Also we noticed that a slight improvement in Staphylococcus 
growth when G.A. was added. Therefore, G.A. stimulates the 
multiplication of both aerobes isolated, though this was found to be more 
applicable to Klebsiella than E. coli and staphylococci. 
G.A. is easily fermented by Klebsiella and it can depend on it for 
provision of energy and growth more readily than E. coli and 
staphyloccoci so when Gum Arabic concentration was increased in the 
media, the growth of isolates increased. 
Faecal bacterial count was increases in animals fed with G.A. in 
the ration. This may be attributed to the fibre fermentation in the rumen 
and the digestive tract (Cummings, 1981).Our results agreed with the 
suggestion and findings of some investigators (Rasheeda, 2002) who 
reported that faecal bacterial counts were increase with increasing Gum 
Arabic concentration.  
To conclude with these results, we can say that G.A. addition to 
ruminant ration increases the faecal bacterial mass, which indicates 
increase in the number of gut bacterial flora that ferments G.A. 
According to our results the rate of isolation of E. coli from sheep and 
goats faecal samples was 25%.This is in agreement with the findings of 
Ogden et al (2005) who confirmed the dominance of E. coli in these 
species.  
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Tissue culture experiment 
All batches of tissue cultures showed better growth than the 
control. The best result was obtained in the tissue cultures in which the 
G.A. was supplemented to E. coli and Klebsiella at the levels of 0.1%, 
0.5% and 1% respectively. Although it is known and well proved that 
certain strains of E. coli produce toxins harmful to Vero cells. These 
bacteria are known as Verocytotoxin producing E. coli or VTEC. E. coli 
0157 is one of such strains which frequently but not always produce 
Verocytotoxins. It is thought to have acquired the ability to produce these 
toxins by a process of genetic exchange with other bacteria. In this 
connection G. A. addition to these tissue cultures may be an improvement 
to this technique especially after the addition of E. coli and Klebsiella 
metabolites to the tested cultures. 
Such an observation may need more research in solving tissue 
damage problems as in kidney damage. 
In the experiment in which 0.04 ml, 0.08 ml and 0.1 ml addition 
from the materials and methods, the best results were observed in the 
experiment in which 0.04 ml and 0.08 ml of the test materials were 
supplemented. This may be associated with increased bacterial growth 
due to the fact that   metabolites of these microorganisms such as volatile 
fatty acids and polyamines play a major role in regulation of DNA, 
protein, synthesis as well as enhancing epithelial cell proliferation. The 
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findings of this study were in agreement with the findings of Tobar and 
Tobar, 1976; Jacobs and Lupton, 1984 and Johnson and Gee, 1986. It is 
clear that the addition of G.A. to tissue cultures improve the criteria and 
the purpose of the application. No similar results were detected in the 
literature, and this is a first original report of such an observation. This 
could give a clue to the observation made by Salma (2000) that anurea 
persons start to pass urine when fed with G.A. 
From the results obtained in this study the ether extract of meat 
was highly significant (p>0.001) mainly for group 3 which were fed with 
20% G.A. and between the control group in which no G.A. was 
administered. This may explain the observation concerning the reduced 
cholesterol levels observed by Kelly and Tsai (1978) when G.A. was fed 
at the level of 95% leading to decreased cholesterol absorption. This may 
also lead to the explanation for lower fat content in the analyzed meat in 
this experiment. Gabb (1997) reported that G.A. when used as demulcent 
to smooth irritation of mucous membranes and it has been shown to 
lower the cholesterol levels in the blood of laboratory animals. 
Meat analysis (Sheep) 
The chemical analysis of sheep meat including all standard 
chemical parameters of meat as proteins, water holding capacity and 
ether extract were demonstrated in the results tables. It is clear that the 
effect of ration was highly significant (p>0.001) for water holding 
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capacity, sacroplasmic protein and ether extract, it was only significant 
(p>0.05) for NPN and CP. According to the results of this study it has 
been observed that the body weight gains for experimental animals 
received G.A. were higher than the controls, but in spite of the lower 
ether extract in the same animals. This means that more meat was 
developed. It is also proved that fat and moisture contents of meat are 
inversely related (Palson and Verges, 1952 and Lawri, 1991). 
Meat analysis (Goats) 
Standard chemical analysis parameters of meat were shown in 
tables of the results. The effect of ration was highly significant (p<0.001) 
on pH and was not significant (p<0.05) on WHC and proteins. It is clear 
that the effect of G.A. in the ration given to goats has a lower effect on 
goat's meat. A point to stress here is that goats received only 10% 
supplementation with G.A. when compared to sheep experiment. This 
point needs further investigation, in spite the fact that both of them are 
small ruminants subjected to the same experimental conditions. 
In vitro experiment 
The theoretical back ground for VFA production was illustrated by 
Sharp et al. (1982). Also the total VFAs give a measure of the efficiency 
of fermentation of feed stuffs (Jelan et al., 1986). For the same point the 
results of feeding G.A. in the different situation was shown before. The 
results of VFAs produced in indicated a highly significant (p>0.001) 
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level on the 30% level of G.A. feeding when compared to the other 
feeding levels of G.A. The rates of production and absorption of VFAs 
from the rumen were correlated with VFAs concentration in the rumen 
liquor and pool. As demonstrated Preston and Leng (1987) about 60% of 
the digestible energy of feed comes from VFAs. The energy out put and 
the utilization in ruminants is reflected in body weight gain and 
production (Nolan et. al, 1986). 
The level of production of ammonia gas from rumen fermentation 
was highly significant (P<0.001) at the 30% G.A. level compared to the 
other three experimental groups. The increased production of ammonia 
gas can be explained by fact that it would probably be more realistic to 
relate ammonia to fermentable organic matter.  
Due to the relationship between proteins and carbohydrates in the 
rumen the ammonia production is also considered (Van Socest, 1993). 
Also our findings in agreement with the finding of Van Socest (1993), it 
was also reported that if the concentration of rumen ammonia is low, the 
growth of rumen organisms will be slow, in consequence, the break down 
of carbohydrates will retarded. In this condition the G.A. may support 
ruminal microorganisms growth and accordingly proper nitrogen 
pathway.  
Increasing of volatile fatty acids and ammonia gas production 
indicated the increasing of rumen bacteria when G.A. was added. 
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CONCLUSIONS 
The addition of G. A. to the solid media showed improvement of 
growth of E. coli and Klebsiella when compared with the control.  
Metabolites of E. coli and Klebsiella grown in media with G.A. 
improved the growth of kidney tissue culture compared to the control. 
This will give a clue to the fact that anurea persons start to pass urine 
when G.A. incorporated in their diets.  
When G.A. was used as feed additive in the ration of small 
ruminants, parameters demonstrated an improvement in the group 
received G.A. in comparison to control groups .This illustrated the benefit 
of using G.A. dust as a supplement for feeding ruminants keeping in mind 
the shape and nature of ration supplied. Some of the sera and blood 
parameters when evaluated for the experimental and control groups 
showed differences, but no statistical differences were reported. This is 
may be due to the fact that such parameters to be evaluated in such period 
interval need more research. 
The shape and nature of ration containing G.A. was shown to be an 
important factor considered, although pelleting gave better results.  
Ammonia production by rumen liquor fermentation illustrated and 
confirmed the fact that G.A. supports ammonia and volatile fatty acids 
production which will lead to an improvement in the animal health and 
nutrition. 
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Recommendations 
1. G.A. dust can be used as a supplement in the ration of ruminants 
from 10% up to 20%. 
2. G.A. can be supplemented to the cell tissue cultures to improve 
such materials especially for vaccine production. 
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